T
[ .

GLsas

Thermal and Intake Studies -
Guidance Manual

Michigan Water Resources Commission
Bureau of Water Management
Michigan Department of Natural Resources

February 1975






/"\

IT.

III.

Iv.

Thermal and Intake Studies -
- - Guidance Manual

Table of Contents

Introduction

316(a) Technical Guidance for Thermal
Discharge Demonstrations

Guidance Manual for Intake and Entrapment
Demonstrations performed under Sec. 316(b)
of the Federal Water Pollution Control
Amendments of 1972 (P.L. 92-500)

Representative Important Species

I-1 -- I-4

IT-1 -- II-188

ITI-1 --T1I1-19
IV-1 -- 1IV-20
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Michigan Water Resources Commission

February 1975

CHAPTER 1
INTRODUCTION

On October 18, 1972, the United States Congress enacted the
Federal Water Pollution Control Act Amendments of 1972, also
known as Public Law 92-500. This Act requires that those
municipalities and industries that have discharges to the
surface waters of the United States must obtain a National
Pollutant Discharge Elimination System (NPDES) Permit either
from the U.S. Environmental Protection Agency or an authorized
State agency. On October 17, 1973, the State of Michigan,
Michigan Water Resources Commission, became authorized to
issue and enforce NPDES Permits.

The Act requires that NPDES Permits be evaluated using both the

U. S. Environmental Protection Agency promulgated effluent
guideline limitations and the State's Water Quality Standards

and that the limits imposed shall be the more stringent limitations
of the two determinations. On October 8, 1974, the U.S. EPA
promulgated effluent guideines and standards for the Steam
Electric Power Generating Point Source Category were published

in the Federal Register. The earlier proposed guidelines required
close-cycle cooling of all power plants. However, the promulgated
guidelines provided for exemptions based on age and size. Units
placed into operation prior to January 1, 1970, are not required

to meet the limitations on the discharge of heat. Of the units
placed into operation between January 1, 1970, and January 1, 1974,
only the largest base load units (that is, those of 500 megawatts
capacity or greater) will be subject to heat limitations (see
Federal Register, Volume 39, Number 196, Tuesday, October 8, 1974,
Page 36188). Regardless of the size of unit or the date placed

in operation, if the thermal component of the discharge violates
Michigan's Water Quality Standards, then thermal restrictions

must be placed on the discharge.

Section 316(a) of Public Law 92-500 states if an effluent limitation
1s proposed for the control of the thermal component of the discharge
and the permittee can demonstrate to the State of Michigan that

the required thermal effluent limitations are more stringent than
necessary to assure the protection and propagation of a balanced
indigenous population of shellfish, fish and wildlife in and on

the body of water into which the discharge is to be made, the

State may impose less stringent requirements.
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In addition to the Chapter II Section of this Guidance Manual

which deals with the thermal component of the discharge, Chapter III
addresses Section 316(b) of the Act. This Section requires that

the location, design, construction and capacity of cooling water
intake structures reflect the best technology available for
minimizing adverse environmental impact. All power plants

must perform 316(b) intake studies.

‘

When both a 316(a) and (b) demonstration are required, they will
be reviewed at the same time to determine their inter-relationship.

The study plans and final reports, etc., are specific requirements
of each NPDES Permit and the permit should be referred to for
compliance dates.

Decisions on conoling water use will be made on a waterbody-wide
assessment of total aquatic ecosystem effects, case by case for
each facility and case by case for each waterbody, considering

the cumulative effects. The Director may determine that operation
of a single facility will assure the protection and propagation

of a balanced, indigenous community in the waterbody or segment
thereof. However, he must take into account the combined and
cumulative effects of other facilities using the waterbody or segment
thereof for cooling water and/or discharge. This philosophy of
consideration of waterbody-wide effects is expressed in Chapter IX
of the 316(a) guidance on Thermal Load Analysis, in Appendix A of
that document on Biological Value System for Establishing Mixing
Zones, and in the 316(b) Guidance. There¢fore the Director may
allocate use of the waterbody or segment thereof based on physical
or biological effects as means of limiting both individual or
combined thermal loads, intake volumes, or mixing zone size. In
the case of water bodies or segments thereof which are common

to other states and/or Canada, the Director may consult with
responsible regulatory authorities of those governments.

Representative, Important Species

In the rules governing Section 316(a) of P.L. 92-500 and the
316(a) Guidance, three types of demonstrations are provided

for: 1. Absence of Prior Appreciable Harm; 2. Protection of
Representative Important Sepcies; and 3. Biological, Engineering
and Other Data. Types 1 and 2 call for listing of aquatic

1ife and wildlife in various zones in the plant vicinity and

such a listing is logically a part of a Type 3 demonstration.

The Type 2 focuses on assurance of protection and propagation of
representative, important species. The 316(a) regulations instruct
the Director to establish representative, important species.

The staff of the Water Resources Commission, working with the
Fisheries Division of the Department of Natural Resources, and in
consultation with the U. S. Fish and Wildlife Service, prepared a
l1ist, dated July 25, 1974, which was approved by the Director.



The list, which is incorporated into the guidance package as
Chapter IV, can be used by applicants in two ways: as guidance

to species which should be considered in any type of demonstration
and as the representative, important species in a Type 2
demonstration. The fish species arc also appropriate for
consideration in intake entrainment and entrapment studies.

Staff identified important species as those which are:

(a) commercially or recreationally valuable; (b) rare, threatened
or endangered; (c) important to the well-being of species in

(a) or (b); (d) are nuisance or potential nuisance organisms, or
(e) are critical to the structure and function of the ecological
system. To facilitate identification of these organisms staff
established eight zones throughout the state whose physical,
chemical and biological characteristics were similar enough so
that generalizations could be made regarding their ecosystem
structure. (Table 1 and Figure 1 of Chapter IV.) The
representative, important species and species categories for
selected trophic levels are identified in Tables 2 through 15 of
Chapter IV. Because the biota is variable in the warmwater
inland situations which receive thermal discharges, a species
list was prepared for certain individual sites within the
category Zone 9, inland warmwater locations and anadromous
migratory routes.

Because of site-specific differences, the list for each

zone cannot be considered exclusive, nor can it be concluded
that all species listed need be considered at each site. The
Director, in recognizing the study plan of the applicant, will
judge what species should be considered as representative,
important species after consultation with the applicant.

Critical Questions

Notwithstanding an applicant's 316(a) or (b) demonstration or
study relative to ecosystem effects of plant operation, the
Director will consider how adequately the applicant has addressed
the following questions ((if they are applicable to the type of
presentation being mad:):

1. Are the temporal, spatial, thermal and volumetric
characteristics of the buoyant plume known or adequately predicted?

2. Are the temporal, spatial, thermal and volumetric
characteristics of the sinking plume known or adequately predicted?

3. Are the volume, velocity, time of passage and time-temperature
information in the intake facilities, through the plant, in the
discharge facilities and in the centerline of the thermal plume
established or adequately predicted?

4. Are the seasonal phytoplankton populations by number and species

known sufficiently well to detect possible changes in the receiving
waterbody?

5. Are the seasonal phytoplankton populations by number and species
known sufficiently well to detect possible changes in the discharge
area and adjacent waters?
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6. Relative to phytoplankton of the discharge area, adjacent
waters and the receiving waterbody, is it known oT predicted

what portions of_the populations are exposed to stresses caused
by plant operation?

7. Are the effects of such exposures on phytoplankton populations
known or predicted (impairment or stimulation of productivity,
time-temperature tolerances, population shifts both local and
waterbody-wide, etc.)? :

8. Are questions 4-7 addressed relative to zooplankton?

9. Are the seasonal populations of benthic and attached algae 1in
the discharge area and adjacent waters known sufficiently well to
detect possible changes?

10. Are effects of the plant operation on populations of benthic

and attached algae considered, known oOT predicted?

11. Are the macroinvertebrate populations in the discharge area
and adjacent waters known sufficiently well to detect possible
changes?

12. Are effects of plant operation on macroinvertebrate populations
considered, known oOr predicted?

13. Are the aquatic macrophyte populations in the discharge area
and adjacent waters known sufficiently well to detect possible
changes?

14. Are effects of plant operation on aquatic macrophyte populations
considered, known or predicted?

15. Is the seasonal abundance of fish eggs and larvae by species
known sufficiently well to detect possible changes in the discharge
area and adjacent waters?

16. Is it known or predicted what portiois of the populations of
fish eggs and larvae are exposed to stresses caused by plant
operation?

17. Are the effects of such expcsures on fish eggs and larvae
considered, known or predicted?

18. 1Is it known or predicted what impact such effects will have on
fish populations in the discharge area, adjacent waters and the
receiving waterbody?

19. Are the seasonal abundance :nd habits of adult fish by species
known sufficiently well to detect possible changes in the discharge
area and adjacent waters?

20. Is it considered, known oT predicted what effect operation of
the facility has or will have or these fish and their activities?

21. Have the waterbody-wide effects of preparation of this plant
been adequately explored? In conjunction with other facilities
using cooling wateTr?
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INTROCUCT I ON

(a) Foreword.

This guidance manual describes the information which should be
developed and evaluated in connection with the possible modification,
pursuant to section 316(a) of the Federal Water Pollution Control AcT,‘
as amended, 33 USC 1251, 1326(a), and 40 CFR Part 122, of any effluenf
limitation proposed for the control of the thermal component of any
discharge otherwise subject to the provisions of section 301 or 306 of
the Act. |IT is intended for use by ERA aond-State-water-guad + ¥y agencies-
4A-85tabt kshd RG -Or- Fewiewinrg proposed-thermatk ef f buent- FimiTa¥rons; -by-
owners or operators of point sources who may file applications under
section 316(a) and by members of the public who may wish to participate
in any 316(a) determination.

Three types of demonstration are defined--Absence of Prior Appreciable
Harm (Type 1), Protection of Representative, Important Species (Type 2)
and Biological, Engineering and Other Data (Type 3) (see 316(a) Infor-
mation Flow Chart, below). Where preparation of a demonstration will
require a significant period of time after application has been made for
a permit to include alternative effluent limifations, a plan of study
and demonstration should be established, with the advice and consultation
of the Regionab -Adminrstrator {or Directord ./ (See 40 CFR §+225- tor

2122.11) .+

. Throughout these guidelines *he paracse-Regieral- AdminisFrator- tor-
"Director}" means the relevant permitfing authority, unless the context

requires otherwise. THE RELEVANT PERMITTING AUTHORITY IS THE CHIEF
ADMINISTRATIVE OFFICER OF THE MICHIGAN WATER RESOURCES COMMISSION,
EXECUTIVE SECRETARY RALPH W. PURDY.



316(e)

INFORMAT ION

"FLOW CHART™

EXISTING PLANT

NW PIANT

N

[

TYPE 1 TYPE 2 TYPE 3
' ™ . (V1]
DIRECTOR'S DIRECTOR'S
¥ WRITTEN - s WRITTEN
befine RECOGNITION " RECOGNITION
bischaree | OF SPECIFIC | pioscse OF SPECIFIC
Zore PLAN Zone PLAN
r
Dropose
Zone'
(=) @,
<l Select Select
lmp;.nsga "
S (%) ‘ RII
— — \ b N
Cata TEonents Bata Campcients " nes nen
: snmEmm | [ esmme| [
® Bio e Bio e Bio ® Bio ® Decided
[rv®) 1-3,5,6] (IV(b) 1-6] Vic)1-7] V(@ 1-7] Indivi
® Inc, Hydr [} , . ° vidually
ot e e i

® load Analysis
if necessary
R4}

® Load Analysis
if necessary
(Ix}

e Toad Analysis
if necessary

® Load Analysis
if necessary
[1x}

L

()
Y

v
;y/Tnnl Type 2

T/re 3\_.
e

DECISIN GUIDNNCE

{11}

FINAL
DECISION

Altermative

316 (a)

Ef£luent Limitations

Notes:

1. Roman numwrals in brackets refer to
chapters in the Cuidance Manual.

2. RIS = representative important species

3. For Tyre 2 low impact includes fish

and sihellfish only.

304/306 Based * STIE-SPCCIFTIC OONSITERATIONS:

Effluent Limitatiors liave not boen included an the chart.

They will play a role throuahout any
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Eacn Informational Item Identifled in this guidance for the selected

type(s) should be included In full in the demonstration unless +he
RECOGNIZED BY THE DIRECTOR

established plan/provides otherwise.

(b) Legal Requirements.

Heat discharged into water is a pollutant. (Section 502(6), FWPC
Act.) Point source dischargers of poliutants must achieve, not later
than July |, 1977, effluent |imitations based on the best practicable
conftrol technology currently avaitable ("BPCTCA") or any more stringent
limitation required by certain State or Federal laws or regulations,
Including applicable water quality standards; and they must further
achieve, not later than July |, 1983, effluent |imitations based on +he
best available tecnnology economically achievable ("BATEA"). (Section
301.) The Administrator®is required to publish regulations to define
BPCTCA for classes and categories of point sources (section 304(b)) and
establish Federal standards of performance for new sources within cer-
tain categories of sources. (Section 306.)

Effluent limitations guidelines under section 304(b) and new source
standards of performance under section 306 include |imitations on heat
for those industries for which such limitations are appropriate.
Effluent timitetions Guidelines and Standards, Steam Electric Power
Generating Point Source Category (40 C.F.R. Part 423), include such

limitations. **

*"ADMINISTRATOR' MEANS THE ADMINISTRATOR OF THE U. S. ENVIRONMENTAL
PROTECTION AGENCY.

**SEE FEDERAL REGISTER, VOL. 39, NO. 196, PGS. 36186-36207,
OCT. 8, 1974.
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cffluent limitations proposed pursuant to section 301 or 306 for
the thermal compoment of a discharge may be modified or waived if the
owner or operator cf the source is able to demonstrate that the effluent
[imitations propcsed for the thermal component of the discharge are more
stringent than necessary to protect the balanced, indigenous population

of shellfish, fish, and wildlife in and on the body of water intfo which N
A DETERMINATION AND/OR
the discharge is made.2/ The basis for/modification is a casebycase CASE-BY-CASE
BIOLOGICAL AND

evaluation of the Mater quality impact of the dindhvidunal discharger THERMAL
OMPONENT OF THE DISCHARGE FROM THE FACILITY (TAKING INTO ACCOUNT THE INTERACTION
F THE THERMAL COMPONENT WITH OTHER POLLUTANTS). A FURTHER FACTOR INFLUENCING
HE BASIS FOR DETERMINATION MAY BE AN EVALUATION OF INFORMATION RELATIVE TO
EC. 316(b).* THE DIRECTOR WILL ALSO CONSIDER THE COMBINED EFFECTS OF OTHER
\STEWATER DISCHARGES AND COOLING WATER USES ON THE WATERBODY OR WATERBODY
ZGMENT.

2. Section 316(3) provides:

"With .respect fo any point source otherwise subject to the
provisions of section 301 or section 306 of this Act, whenever the
owner or operator of any such source, after opportunity for public
hearing, can demonsirate fo the satisfaction of the Administrator
(or, if appropriate, the State) that any effluent |imitation pro-
posed for the control of the thermal component of any discharge
from such source will require effluent Iimitations more stringent
than necessary to assure the protection and propagaiion of a
balanced, indigenous population of sheflfish, fish, and wildtife in
and on the body of water info which th= discharge is fTo be made,
the Adminisyrator (or, if appropriate, the State) may impose an
effluent |imitation under such sections for such plant, with respect
to the thermal component of such discharge (taking into account the
interaction ¢f such thermal component with other pollutants), that

will assure the protection and propagation of a balanced, indigenous
nopulation of shellfish, fish, and wildlife in and on that body of
water."

Regulations describing regquirements under secticn 315(a) should be
consulted in connection with any 316(a) presentation. (See 40 C.F.R.
Part [22.)%*

EE 40 C.F.R. PART 122, SEC. 122.16(b) #ND MICHIGAN GUIDELINES FOR 316(b).
SPONSE OF EPA TO COMMENTS ON PROPOSED THERMAL REGULATIONS STATES, "IN MANY
STANCES THE DETERMINATION WITH RESPECT TO SECTION 316(a) SHOULD BE MADE IN
NJUNCTION WITH THE DETERMINATION REQUIRED BY VIRTUE OF SECTION 316(b)".

E "THERMAL DISCHARGES'", FEDERAL REGISTER, VOL. 39, No. 196, PG. 36184,
:RD COLUMN, ITEM 11, OCTOBER 8, 1974.)

IBID, PGS. 36176-36184.

‘\ e
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(c) Applicant's Demonstration.

*

An apptictant, after consultation with the Regiomal Administrator-
-tfor-Director), may present evidence addressing any one or more appropriate

demonstration types. All demonstrations should be complieted within a
time frame which will assure maxfmum progress towards compliance with
the statutory deadlines of sections 30! and 306.

Each demonstration item set forth in Chapters V-Vl for the subject
demonsfrafién type will normally apply. The Regiona+-Admﬁnis+ra*or-{or
Director’ may aufhorfze or request an applicant to modify, reduce/
expand or eliminate any item as warranted by the circumstances of the

IF AN ITEM IS ELIMINATED. THE REASON FOR ELIMINATION SHOULD BE ADDRESSED
particular case./ The advance/concurrence or nonconcurrence of the BY THE

WRITTEN : APPLICANT
Regionat Administrator- ter Director) in a particular demons*ration

AND ARE PART OF THE MICHIGAN DEMONSTRATION PROCEDURE.
should help all parties identify a relevant showing/ However, the

statutory burden of proof for alternative effluent Iimitations is on the

p—_—e

applicant. Therefore, any advance agreement should not be taken as
reducing the apglicant's responsibilities, nor should any disagreement
be allowed to prejudice the conclusion.
Any alternative effluent |imitation imposed pursuant to section
316(a) must assure the protection and};ro agation of a balanced, indige-
ASSURANCE WILL BE JUDGED ON THE EVIDENCE AND SCIENTIFIC ADEQUACY OF THE DEMON-
nous community of shellfish, fish and wildlife./ Therefore;:{he applicant STRATIC
submitting evidence for a 3i6(a) evaluation should submit information on

all modes of discharge that he may be contemplating. For example, if

his information indicates that a closed system requirement is too stringent
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but does not justify the use of a simple once through discharge, then he
should have sufficient evidence to justify some other mode of discharge

(a diffuser or a "helper' cooling tower). This is imperative* since =~
time may not allow for another long-term 316(a) study (due to BPCTCA anc
BATEA deadlines). If this is the case and if there 1s not enough evidence

to assure protection of the balanced, indigenous community in using
another discharge cooling system, then there may be no other choice but
to require a closed cycle cooling system.

Since by law the burden of proof in any 316(a) demonstration is on

the applicant, effluent limitations proposed pursuant to sections 301 or
306 will not be modified if the weight of the evidence indicates that
such limitations are not unnecessarily stringent. Neither will they

be modified where the evidence is insufficient to allow the Regional
Administrater-fer Director} to determine whether they are unnecessarily
stringent or not. Modification will be granted only where the applicant
succeeds in making a demonstration which (1) affirmatively shows that
the proposed limitations are more stringent than necessary and (2) 1is
not outweighed by any evidence to the contrary.

THE DIRECTOR MAY DETERMINE THAT THE THERMAL COMPONENT OF THE DISCHARGE
FROM AN EXISTING OR PLANNED SOURCE WILL ASSURE THE PROTECTION AND
PROPAGATION OF A BALANCED INDIGENOUS COMMUNITY OR THAT SUCH DISCHARGE

FROM AN EXISTING SOURCE HAS NOT CAUSED PRIOR APPRECIABLE HARM. HOWEVER,
INTAKE AND IN-PLANT BIOLOGICAL EFFECTS ARE RELATED TO THE THERMAL
COMPONENT OF THE DISCHARGE BECAUSE THE THERMAL COMPONENT DEPENDS ON THE
AMOUNT OF COOLING WATER USED. SECTION 316(b) CONCERNS TECHNOLOGY REQUIRE-
MENTS FOR COOLING WATER INTAKES TO MINIMIZE ADVERSE ENVIRONMENTAL IMPACT _
IN REACHING A DECISION ON 316(a) OR (b) THE DIRECTOR MAY WISH TO CONSIDL .
ALL EVIDENCE ON BOTH ASPECTS OF COOLING WATER USE.

(d) Format of Demonstration

Each demonstration should include the following:

1. Pagination.

2. A DETAILED table of contents.

3. Supportive reports, documents and raw data which are not from
the open scientific literature.

*TF AN APPLICANT CHOOSES NOT TO SUBMIT ALTERNATIVE MODES OF DISCHARGE
TOGETHER WITH RELATED ENVIRONMENTAL IMPACT INFORMATION, HE MAY BE
VULNERABLE TO COMMISSION AND EPA PRESSURE CONSIDERING BPCTCA AND BATEA
DEADLINES.
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Sioliographic cifations YO page number.

(91

An interoretive, comprehensive narrative summary of The demon-

stration- , WHICH WILL SERVE, IN PART, AS THE BASIS FOR THE
DIRECTOR'S DECISION. AND MAY INCLUDE TABLES AND FIGURES.
The summary should include a table of contents/ Sources of daTa
used in the summary should pe cited To page number. The summary should
include a clear discussion stating why The applicant's demonstration is

sufficient to assure that the propcsed discharge will assure The profec-

+ion and propagation of a balanced, indigenous communifty.

{(e) Apolication.

The following points may be helpful in the review and applicafion
of these guidelines.

P, How is the Manual *o be used: Are its requirements bincing?

A. Tne guidance should normalily be followed for each demon-
stration. However, specific demonstration ifems can be cnanged to fit
+he circumstances of the particular case, with The advice and consultation

(SEE FLOW CHART, PG. 2)
of the Regionai-Aamitristrator-ftor DirectorY. The applicant is encouraged

THE
to develop t++s plan of study and demonstration promptly, in accordance with
+he law's Time constraints. Of course, a demonstration plan cannot be
binding on either the applicant or The Reg konad -Admd a+straser {oF Directors,
in view of the possibility that developing information may suggest changes
in the study; the potential for third party involvement or judicial

reviewr;and The law's mandate that the burden of oroof under section 3lé{a)

is on the applicant.
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2. How should *he right demonstration type be selected? Is fhere

any screening procedure?

A. No formal screening mechanism can adequately predict the

"right" demonstration type for each applicant. The applicant should

THE_ . ' . :
select - proposed demonstration type or types through consideration of

’ THE

this guidance, the natfure of +*s discharge (existing or new; low impact -
or other, etc.) and the availability or attainability of information.
Consultation with the Regkonat-Admintstrator <or Directory is atso

encouraged.

3. How comprehensive must a demonstration be in order to provide

+he reauired assurance of protection and propagation?

A. The study must provide reasonable assurance of protection
and propagation of the indigenous community. Mathematical certainty
regarding a dynamic biological situation is impossible to achieve,
particularly where desirable information is not obtainable. Accordingly,
the Regionat -Admintatrater «(or Director must make decisions on the
basis of the best information reasonably attainable. A} +he same Time,
if he finds that the deficiencies in information are so critical as To
preclude reasonable assurance, then alternative effluent limitations
should be denied. It is expected in any case that affter publication of
this guidance potential applicants will conduct monitoring and dafa
collection activities responsive to the applicable portions of *his
document. In that way, as initial permits come up for renewal, subsequenT
316(a) judgments may be made with increasing levels of confidence, and
new offluent |imitations may be impated as necessary (except as provided

in section 316(c)).
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4. Will there be enough time o orepare *the demonstrations called

for by the guidelines?

A. The statutory timetablas are very tight, and the 3i6(a)
statutory test may require presaration of rather extensive information
in order to reach a reasonable conclusion. The fime needed for individual
demonstrations will vary according to the demonstration type being
undertaken and the data which the applicant has already col'ecteds. No
applicant should lack existing useful data on its own discharge or
proposed discharge. Where a demonstration cannot be comp'!eted prior to
the date for issuance of a permit, a pemit may be issued for a term of
up to five years which requires the source to achieve the initially
proposed effluent limitations no later than the date specified by applicable
law, reqgulations and standards, but the permittee may be afforded an
opportunity to reguest a hearing after idditional information has been
developed. (See 40 C.F.R. 88122.10(b), 122.15(b).)

5. Shouldn't a showing of compliance or noncompliance with

applicable water quality standards be conclusive?

A. The statutory test established by section 316(a) is distinct
from the multiple statutory objectives of water quality standards.
In addition, standards may fail to address site-specific issues, such as
refined temperature |imits To protect spawnirg areas or to reflect a
community which has become adapted to natural local condi*ions. Therefore,
ccmpliance or noncompliance with standards alcne is not a sufficient

demonstration. The law indicates that standards snould be modified

II-9



where necessary to make them consistent with section 316(a) decisions.
Where such modifications have taken place, or wherever the standards are
fully consistent with the 1983 goals of the Act (see section 101 (al)(2y),

compliance or noncompliance with standards may be a persuasive factor in

the 316(a) evaluation.

6. Can the outcome of a proposed demonstration be predicted, so

that the applicant can commence any needed planning and construction?

A. Each demonstration involves a distinct case and a distinct
water body situation. Firm decision rules would be arbitrary, and their
application would fail to provide against excessive environmental risk
or unnecessarily sftringent outcomes. Instead of firm rules, therefore,
the guidelines set forth for each demonstration type a series of factors
the presence of which would fend fo indicate that section 316(a) relief
should not be granted. These non-binding guidelines should be useful *o
show the types of considerations which may be determinative.

7. Doss completion of a satisfactory 316(a) demcnstration

respecting the thermal component of its discharge assure the applicant

of relief from the requirements of sections 301 and 3067

A. No. All impacts of the plant must be analyzed and weighed.

Section 316(a) requires consideration of tie interaction of the thermal
component of the discharge with other pollitants, such as chemicals or

the thermal discharges of other sources. In addition to considerations

II-10
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N

uncer section 214(al, ctner possible harmfy| effects of +the plant's

_operaticn and Wischarge must be prevented, including any excessive

impact

(@]

On water resources or harmful effects caused by The intake
structure and/or entrainment. (See section 315(b) of the Act and 40

.R. Parts 201, 102.) Guidance on entrainment will be forthcoming.
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OECISICN ZUIDANCE

This chapter provides guidance Tor sectior 316(a) decisicns by
listing factors which suggest a failure to ass.re the protection and
propagation cf the balanced, indigenous community. These facfors should
be used solely as guidance, not as specific decision criteria for denial
of alternative efflyent timitations. The weight given to particular
factors will differ regionally in accordance with emphasis on specific
regional problems. Additional factors may alsc be considered.

NOTE: Tha factors set forth in this chapler relate sojely to the
thermal impact cf the applicant's discharge. £ permit may be issued
only if the plant's operation and discharge will meet all applicable
requirements of law, including restrictions on intake and enfrainment
effects and the chemical component of the discharge. Guidance on entrain-
ment will be forthcoming.

. Type !: Absence of Prior Aspreciable Harm.

A failure to demonstrate the absence of prior appreciable harm may
be suggested by any of the following:

(a) Evidence of damage to the »alanced, indigenous community, or
community components, resulting in <ich phenomena as those identified in
the definiticn of appreciable harm. (See Chapter |1, paragraph (I0).)

(b) Absence of a convincing ani otherwise satisfactory rationale
where needed to explain any information suomitted by the applicant.

(See Chapter 1V, paragraphs (2i{1)=-(6).)

II-12
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(c) Failure To provide sufficient information to form the basis
for a determination.

(d) Any other evidence ‘that the protection and propagation of the
balanced, indigenous community is not being assured.

2. Type 2: Protection of Rep-esentative, Important Species.

A failure to demonstrate that the discharge (existing or proposed)
is consistent with assurance of the protection and propagation of repre-
sentative, important species may be suggested by any of the following:

(a) Any one or a combination of the fa:tors listed for a Type |
demonstration, paragraph (l), above, as thos: factors would apply to the
exisTing or proposed discharge under conside-ation.

R

(b) GSrschargs> zome Feceiving wafer femderatures (outside the mixing
WHICH, BECAUSE OF THE THERMAL DISCHARGE, ARE

zone)fn excess of the uppar temperature limits for survival, growth and

L

\ >
reproduE}Ion, as applicable, of any representative, important species WHOSE

-OCCUFRINg- bR The-recediving- water- NORMAL SIASONAL HABITAT INCLUDES THE
PHYSICALLY AFFECTED AREA.
(c) Receiving water temperature within the mixing zone which fails
+o conform to minimum reqviremenfs'for such area.
(d) Receiving water of such quality ir the absence of the proposed
thermal discharge that the addition or continuance of the discharge may CAUSE
OR AUGMENT POPULATIONS OF AQUATIC ORGANISMS AT LEVELS WHICH
e eet -fOr - 2xCcess rve- A FSanEe -popu +aFions -of- phytopd ankTon, -macroalgae,
CREATE NUISANCES. -
fouUd 1 RG OF - BOr-iAg ~SDEE e T,- SEIVENGEF ~SPEE 85~ SF ~-eNCFUSTINg-Spaci 85
(e) Insufficiency of information needed to select representative,

important species; to verify the selection, or to evaluave the effects

of the prcposed discharge on the selected species. Sufficiency of
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information shculd be determined by-the Regtona+t -Admintatreror {or
- BY THE DIRECTOR,
Brector)ron the basis of the specific case,/considering the signifi-
cance of the species in guestion, *the need for the information, its
availability or attainability (including time for attaining) and the
adequacy of the applicant's other information to allow appraisal of the
overall impact of the discharge. |f data crucial to the evaluation are
not presented, the applicant's Type 2 application should be denied:
Prior consultation with the Regrona+t -Administrater {oF Director} as to
AND THE DIRECTOR S WRITTEN RECOGNITION OF THE STUDY PLAN

informational needs /should help avoid this result.

(f) Clear indications that the assurance of the protection and
propagation of The selected representative, important species will not
assure the protection and propagation of the balanced, indigenous com=-

munity in and on the receiving water body segment- OR WATER BODY SEGMENT.

3. Type 3: Biological, Engineering and Other Data.

A failure to demonstrate that the discharge (existing or proposed)
is consistent with the assurance of the protection and propagation of
the balanced, indigenous community bv means of biological, engineering
and other data is suggested by any o° the following:

(a) Any one or a combination o1 such factors listed for a Type |
or Type 2 demonstration as might be applicable. (Paragraphs (1) and
(2), above.)

(b) Inadequacy or rebuttal of the applicant's additiona! data and
information to demonstrate the assurance of *he protection and propaga-

tion of a baianced, indigenous community.
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=5 +he extent feasible, the Restonad -Admiaistaier -(oF Directors
should define specific Demonstration Type 3 factors at the time the
applicanf'é sroposed specific plan of study and demonstration is pre-

cared. (See Chapter |, subparagrarn e) (1))

I1-13



DEFINITIONS

Definiticns and descriptions in this section pertain to a number of
terms and concepts which are pivotal to the development and evaluation
of 316(a) studies. These are developed for the general case to aid the
Regiorak Administrator- tor Director} in delineating a set of working
definitions and concise end points requisite fo a satisfactory demon-

stration for a given discharge.

(1) Balanced, Indigenous Community.

The regulation provides (40 C.F.R. 8122.1(h)):

The *erm "balanced, indigenous community" is synonymous with
the term '"talanced, indigenous population'" in the Act and means a -~
biotic cammunity typically characterized by diversity,
the capacity to sustain itself through cyclic seasonal changes,
presence of necessary food chain species and non-domination
of pollution tolerant species. Such a communify may
include historically non-native species inftroduced in
connection with a program of wildlife management and species
whose presence or abundance results from substantial,
irreversible envirommental modifications. Normally, however,
such a community will not include specia2s whose presence’
or abundance is atfributable to the introduction of pollutants
that will be eliminated by compliance by all sources with
section 301(b)(2) of the Act, including alternative effluent

imitations imposed pursuant fo section 3l6(a).

\__/)
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A 'community" in general is any:

assemblage of populations living in a prescribed
area or physical habitat; it is an organized unit to *he
extent that it has characteristics additional to its individual
and population components and functions as a unit thrcugh
coupled metabnlic transformations.

Communities not only have a definite functionai urity
with characteristic ftrophic sfructures and patterns of energy
flow but they also have compositional unity in that there
is a certain probability that cer+ain species will occur

TogeTher.l/

All communities typically have characteristics including byt not limited

To:

(a) Diversity in its general sense (species richness, equitability
and age structure);

(b lBioIogical processes, cycles, and perijodicities such as regard
productivity, reproduction, recruitment, short or long term
succession, energy flow and nutrient turnover;

(c) Spatial characteristics, which may be ordered ty the biota as

well as the hycrography and gecmorphology.

gy (W. 3. Saunders Co.,

Odum, E.P., Fundamentals of Ecc
Philadelphia, Pa. (I1971)), p. |
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A "balanced, indigenous" communi-y means a de;?;;;T;\communi+y
consisting of-fish, shellfish and wildlife plus ;:;/;}ofa at other
trophic levels which are necessary or desirable as a part of the food
chain or otherwise ecologically important t> the maintenance of the
desirable community. In keepingAwifh the objective of the Act, the
community should be consistent with the restoration and maintenance of
the biological integrity of the water. (See section 101(a).) However,
it may also include species not historically native to the area which:

° Result from major modifications to the water body (such as
hydroelectric dams) or to the contiguous land area (such as
deforestation attributable o urban or agricu'tural develop-
ment) which cannot reasonably be removed or altered.

° Result from management intent, such as deliberate introduction
in connection with a wildlife management program.

'} Are species or communities whose value is primarily scientific

. or aesthetic.

Thus, it is not necessary to show that the applicant's discharge is
compatible with a community which may have existed in a pristine environ-
ment but which nas not persisted.

Community imba{ance may be evidenced by any one or more of the

following:
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® Blocking or reversing short or long term successicnal tfrends
of community develonment.
° A flourishing of heat tolerant species and an ersuing replacement
of other species churacteristic of the indigenous community.
° Simplification of the cémmunify and the resulting loss of
sTabiI{Ty.
An impalanced or nonindigenous community could also be characterized by
excessive levels of:
) Species whose dominance results from the introduction of
nol lutants.
° Species introduced and maintained in residence s 2 result of
habitat destruction by man's activities (for example, dredging).
) Species inftroduced by human activities (such as aquacul ture)
which colonize or establish themselves at *the expense of
endemic communitiec and which are beyond the limit of manage-
ment infent. (See section 318, FWPC Act, and 40 C.F.R. Part
115

(2) Representative, Important Species.

The regulation orovides (8122.1(g)):

The term "representative, important species" means
species which are reprasentative, in terms of their biological
requirements, of a balanced, indigencus community of
shellfish, fish, and witdlife in the body of watsr info

whicn The discharge is made.
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Species should be representative of the community in the sense that

a maintenance of -water quality conditions assuring the natural completion

ACTIVITIES CARRIED OUT IN THE WATERVODY

of their life cycles/will also assure the protection and propagation of
THEIR
the balanced, irdigenous community. '"Natural completion of/ Iife cycles'

ACTIVITIES CARRIED OUT IN THE WATERBODY"
refers to species growth, development, reproduc- ion, metabolism and

behavior adequate to maintain the species within the community. Species
can be important from a direct economic standpoint, as a food chain
organism for an economic species, or broadly from the ecological aspect
for normal community function and maintenance. For example, to maintain
a desired fish spzcies, Temperatures must be |imited not only to meet
the thermal tfolerance of fthe desired species itself but also to maintain
species of relevant biotic categories necessary as part of the food web
supporting the fish species.

(3) Biotic Categories.

Biotic categories include the following:

(i) Primary producers--autotrophic orginisms that fix CO2 into
organic matter using radiant energv through photosynthesis.
Aquatic examples include but are not limited to phytoplankton,
peripnyton, macrophytes, and macroz lgae.

(ii) Macroinvertebrates--animals that are large enough fto be seen

by the unaided eye and can be retained by a U.S. Standard No.
30 sieve (28 meshes per inch, 0.595 mm openings). Aquatic
examples include but are not limited to mollusks, insects,

annelids, and crustaceans.
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(iii) Fish--the common usage of this ferm.

(iv) Economically important species-—planf and animal species of

present or potential recreafional or commercial value as
objects of hunt or harvest.

(4) Principal Macrobenthic Species.

Principal macrobenthic species are Those dominant macroinverfebrates
and plants attached or resting on the bottom or living in tcottom sediments.
Examples include but are not limited fo crustaceans, mollusks, poliychaetes,
and habitat forming species such as attached macroaigae, rooted macrophyfes
and coral.

(5) Nuisance Species.

Nuisance species are microbial, plant and animal species, mosT of
which are poi\uTion—Toleranf, present in the indigenous community or
recruitable from contiguous waters which, by virfue of fne direct or
indirect effects of fhe discharge, will be given sufficient advantage o
appear in the zcne of discharge in large numbers at the expense of other
members of the indigenous community. The concepT is intended to carry
+he connotation of 'weeds" used in its agricultural sense and may refer
to a species with otherwise desirable features. However, any species
which indicates a hazard to ecological balance or human health and
welfare that is not naturally a feature of the indigenous community must
be defined as a nuisance species (e.g., large numbers of fecal streptococci

or new blooms of coccoid or blue-green algae).
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(6) Migrants.

Migrants are nonplankfonic organisms that are not permanent residents
of the area but pass through the discﬁarge zone and water contiguous to
it. Examples include the upstream migration of spawning salmon and
subsequent downstream run of the juvénile forms, or organisms that
inhabit an area only at certain times for feeding or reproduction
purposes.

(7) Threatened or Endangered Species.

A threatened or endangered species is any plant or animal that has
SO (1)
been/determined:by the Secretary of Commerce or the Secretary of the
Interior to be a threatened or endangered species pursuant to the

Endangered Species Act of 1973, a« amendedr ; OR (2) BY THE DIRECTOR.

e //(S)\ Discharge Zone.

The discharge zone is that portion of the receiving waters which
falls within the delta 2°C. isotherm of the plume 30% or more of the
time, as defined by data representing a period of at least a few months
and preferably indicative of a complete annual cycle.

(9) Water Body Segment.

A water body segment is a portion of a basin the surface waters of
which have common hydrologic characteristics (or flow regulation patterns);
common natural physical, chemical, and biological processes, and which
have common reactions to external strass, e.g., discharge of pollutants.
(See 40 C.F.R. $130.2(m).) Where they have been defined, the water body
segments determined by the State Continuing Planning Proces§ under

section 303(e) of the Act will apply.
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(IC) Appreciable Harm.

Appreciébie harm is damage to the balanced, indigenous community,
or to community components which resulfs in such phencmena as the following:

) Substantizl increase in abundance or distributior of any
nuisance species or heat tolerant community not representative
of the highest community development achievable in receiving
waters of comparable quality.

° Substantial decrease of formerly indigenous species, other
thar nuisance species,

° Changes in community structure to resemble a simpler suc-

cessional stage than is natural for the locality and season in

question.
. UnaestheTic appearance, odor or fTaste of the waters.
° Elimination of an es—ablished or potential economic or recrea-

tional use of tha waers.
° Reduction of the successful completion of life cycles of
indigenous speciess, 'ncluding fthose of migratory species.
] Substantial reducticy of community heterogeneity or trophic
structure.
Tnis definition describes harm which should be considered appreciable.
IT is not intended that every change in flora and fauna should be considered
aporeciaole nharm,

{(I1) Low Potential Impact.

BY THE DIRECTOR

An existing or proposed cdischarge may be determinad/*o be 3 low
potential impact discharge, on a case-by-case basis, Fm <d¥mer of -the-
P g )

fol-lowtng si*uafisrs:- IF THE DISCHARGE ZONE:

A. COMPRISES OR WOULD COMPRISE A RELATIVELY SMALL PERCENTAGE OF
(1) THE WATERBODY OR WATERBODY SEGMENT, (2) THE SHORE ZONE,

(3) THE SHORE TO SHORE DISTANCE, (4) THE CROSS-SECTIONAL VOLUME,
CR (5) THE STREAMFLOW;



i{w IS NOT OR WOULD NOT BE IN AN AREA OF HIGH BIOLOGICAL VALUE;

C. IF THE THERMAL PLUME DOES NOT OR IS NOT ANTICIPATED TOQ EFFECT
I» CA
LiNOLOGIEAL (OR BIQLOGICAT, PROCESSES . QUISIDE THE, DIGCHARGE ONE

smed 4 -percertage-of fhe-shore-to- shore distance-and-crosss-
sectiomel- arez of ~the- ¢ Fesh- water- bedy- segmend-er- s¥ream fiow
and 4 s -not- in Bn- area- of -high-biod 0g ioad - value.

e Ihe-é&soharge-Js—an-o##-sho;e-marqne-d45€haﬁge-wh4ch-pesu4ts
or wou bd Fesu - 1 - piume whieh dees no¥ -or- veu d- Ao+ -imBact
bentnie or- shored +3e- OFganisms ; of f-shore -migratory- pathss
spawning areas of -fishes or- areas-of upwetkings

Site-specific considerations which could influence the determination

AND KNOWN BIOLOGICAL PHENOMENA
of low impact include the amount of thermal loading/in the water body

~ segment to which the discharge is/gglbismade.and-4aek-o#-any—4mpor¢aat
spawm kng- areas- im -Fhe-drscharge Zonre.

(12) The definitions of the following terms contained in the regulations
shall be applicable to such terms as used in this guidance manual :
"Effluent limitations," "alternative effluent [imitations," "water

qual ity standa~ds," "section 316(a)," "pol lutant," "discharge of a

pollutant," "point source," "discharge" and "pollution.”

11-24



v

DEMONSTRATION TYPE !: ABSENCE OF PRIOR
APPRECIA3LE HARM (EXISTING SOURCES)

(a) Introduction.

An existing source may present information pursuant to this chapter
to demonstrate that the thermal component of its discharge has not
caused appréciable harm to the balanced, indigenous community.

A Type | demonstration should include the informaticn identified in
this paragraph, unless written modifications are develcoped following
consultation with the Regional Admiris¥Fator-+tor- Directory. The demonstra-
tion may also include such additional information as the applicant may
wish to be considered, provided that the additional information is
accompanied by a rationale stating why such information indicates the
absence of prior appreciable harm. Information to be submitted includes
the following:l/

® Water guality standards information. (Paragraph (b)(Il).)

° Records of shutdowns. (Paragraph (b)(2).)

. Water guality related communications. (Paragraph (b)(3).)

° Species information. (Paragraph (b)(4).) «

° Discussion of economic and recreational effects. (Paragraph
(0)(5).)

) Other known reports on effects of the discharge. (Paragraph

() (63.)

I. Where field studies ares carried out, sample replication should be
adequate to deTermine the arecision of the data generated and to conductT
appropriate statistical fests.
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° Engineering and hydroiogic information. (Chapter Vil.)

° Thermai load information, if needed. (Chapter [X.)

information for a full Type | demonstration includes all of the
above items. Wherever the applicant can show to The satisfaction of tThe
RegéenaL:AéanJst:axo:-Lon-DirecTor) that its discharge has a low potential
impact on the receiving water body segment, the Regienzl- Admimris¥mator
tor~ Director) may provide in writing that the Tvpe | demonstration may

MODIFIED SOME OF
be 4imited-by omitting/the species information iescribed in paragraph
(b)(4).

In demonstrating that no apprecjable harm has been caused, it is
not necessary fo~ the applicant fo show that evary species which would
occur under optimal conditions is present, as long as it demonstrates
that the community as a whole, and all major components thereof, are

AND ANY OTHER PORTION THEREOF AS REQUIRED BY THE DIRECTOR ARE
intact. At the same time, the applicant's demonstration should show the
effects of its discharge on species in the entire water body segments

OR ANY PORTION THEREOF AS REQUIRED BY THE DIRECTOR.
Demonstration of the absence of appreciable harm may not be wholly
dependent on exempting a portion of the waters for a mixing zone.

The Type | demonstration is not availaole in either of the following
cases:

° The applicant has not been discha~ging the heated effluent

intc the body of water for a sufficient period of time (gen-

erally at least | year) prior to ifs 316(a) application to

allow evaluation of the effects of the discharge.
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-
i

ne discharge has been made into waters which, during the
periéd'of the applicant's prior fthermal discharge, were so
despoiled as to preclude evaluation of the effects of the
+hermal discharge on species of shellfish, fish ard wildlife.

(b) Applicant's Information.

Information fo be submitted includes the following:

(1) Evidence of compliance with applicable water quality
standards. The applicant shou)d submit sufficient evidence for the
Regtonad - Admini skrefer -(or Directors to make a determination of compliance.
If any of the evidence reveals non-compliance with water quality standards
the applicant should submit a rationale stating why This evidence does
not indicate prior appreciable harm to the balanced, indigenous community.

(2) Records of shutdowns and their effects on the aguatic
biota. All shutdowns which resulted in the disruption (complete stoppage)
of heated effluent flow during the last five years shoulc be documented
and some assessment of the known effects of each shutdown should be aade
by the applicant. If the applicant's records are incomplete or if he
has no knowledge of harmful effects for a specific shufdown he should so
note and should describe his monitoring efforts in connection with such
shutdown. If any effects harmful to aguatic biota have resulted from
shutdowns, the applicant should submit a rationale stating why these
effects did not constitute appreciable harm to the balanced, indigenous

community.
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(3) Copies of all water quality related communications (which
indicate possible harmful effects) between the applicant and any
regulatory agency ether-than-EPA during the last five years. The
applicant shoula submit copies of all such communications or show
why he is unable to do so;. exeept-that-in-the-ecase-ef-State-administratie
of-the-permit-pregram;-communications-with-the-State-need-noet-be-
Submitted-but-cemmunications-with-EPA-should-be-ineiuded: For each
communication the applicant should also submit a rationale explaining
why the concerns reflected in the communication did not reflect
appreciable harm to the balanced, indigenous community.

f4Y{A}--A-1ist;-and-an-indiecation-of-the-abundanee;-of-threatened
er-endangered-speeies-and-nuisanee-speeies;-at-any-trephie-tevel:
prineipal-macrobenthie-speecies-and-speectes-of-fish;-shetifish-and
wildiife;-ins

(4)(A) A LTST OF AQUATIC LIFE AND WILDLIFE, AND AN INDICATION OF
THEIR ABUNDANCE. IN THE AREAS AND UNDER THE CONDITIONS DELINEATED
THROUGHOUT THIS SUBSECTION (4) (A). THE LIST SHOULD INCLUDE SPECIES:
THREATENED OR UNIQUE: INDICATIVE OF WATER QUALITY OR ENVIRONMENTAL
CONDITIONS; WITH NUISANCE CAUSING POTENTIAL; IMPORTANT IN ENERGY
TRANSFER; OF HISTORICAL SIGNIFICANCE; ECONOMICALLY VALUABLE; OR WHICH
MAKE UP APPROXIMATELY 10% OR MORE BY WEIGHT OR NUMBER OF THE
PHYTOPLANKTON, ZOOPLANKTON, MACROPHYTES, ATTACHED FILAMENTOUS ALGAE,
MACROINVERTEBRATES, ICHTHYOPLANKTON, YOUNG FISH, ADULT FISH OR WILDLIFE.

t
(i) 1IN The discharge zone under existing conditions;

t
(ii) IN The water body segment just outside the discharge zone
under existing conditions; and

t
(iii) IN The water body segment JUST OUTSIDE THE DISCHARGE ZONE
under theoretical conditions which would exist by-ineiuding-nen-peint
seuree-infiuenzes-but-exeluding-stress-from-peint-seuree-diseharges:
WHEN POINT SOURCE DISCHARGERS OF POLLUTANTS ARE IN COMPLIANCE WITH
SECTION 301(b) CF THE ACT (P.L. 92-500).

All threatened and endangered species should be LISTED except that

no information should be requested that would require field sampling
prohibited by the Endangered Species Act, 16 USC 1531 et. seq.

The degree to which nuisanee-speeies;-prinecipal-maerebenthie-speeies
and-species-ef-fish;-shetifish-and-wiidiife OTHER SPECIES are to be
listed should be determined by consultation between the applicant and
the Regionai-Administrater-fer Director}.
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Bata-sheuid-be-previded THE LIST SHOULD INDICATE
WHICH SPECIES ARE OR WOULD BE PRESENT for each of the following seasonal
conditions: summer maximal temperature, fall transitional regime,
winter minimal temperature, and spring transitional regime. The
Regionai-Admintstrater-{er Director) may request the applicant to
conduct more thorough sampling where needed for his analysis of the
particular case. BECAUSE THREATENED OR ENDANGERED SPECIES ARE OF
SPECIAL CONCERN ADDITIONAL OBSERVATIONS SHOULD BE INCLUDED, SUCH AS
BEHAVIOR, MORTALITY, REPRODUCTION, FEEDING, SEXUAL MATURITY, AGE,
DISEASE, ETC.

Information relating to the discharge zone should
represent conditions throughout the zone (i.e., from the point of
discharge to the 2°C. isotherm), unless the Regienal-Administrater
fer- Director) designates a particular portion of the discharge zone
for study.

The estimation (iii) of the species which would
be abundant under theoretical conditions should represent the
applicant's best approximation based on historical data or the biota
of appropriate (relatively unpolluted) nearby water bodies, g;%.,
at upstream control stations. The basis and limits of comparability
of such water bodies should be stated.

THE LIST SHOULD BE PRESENTED IN SUCH A MANNER THAT
ANY DIFFERENCES IN SPECIES PRESENT IN THE THREE AREAS CAN BE DISCERNED.

(B) Identification o% the reproductive period
(dates) and reproductive temperatures for each species of fish and
sheiifish AQUATIC LIFE listed.

f€)--A-map-shewing-the-lecatien-within-the-diseharge
zene-of-repreductive-and-nursery-areas;-migratery-reutes;-and-prineipail
maerebenthie-formss

(C) A SCALE MAP OF THE RECEIVING WATERBODY IN THE
PLANT VICINITY FEATURING POINTS OF BIOLOGICAL, ECONCMIC, OR SOCIAL
IMPORTANCE AT THE LOCAL LEVEL (e.g. SPAWNING AND NURSERY AREAS, SUBSTRATES,
BENTHIC FAUNA DISTRIBUTION, DOMINANT CURRENTS, MIGRATORY ROUTES,
TRIBUTARY STREAMS, WATER INTAKES, OUTFALLS, ACCESS SITES, ETC.).

(D) Where the Regienal-Administrater--f{er
Director} has reason to believe there may be a specific disease or
parasitism problem
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as a result of the thermal discharge, information on the incidence of
disease and parasitism and on the condition of fish inhabiting the
discharge zone and water body segment just outside the discharge zone.
This informaticn should include a comparison of affected vs. unaffected
populations.

(2) The data called for in subparagraphs (A)-(C) above
should be accompanied by a rationale stating why the information provided
does not suggest prior appreciable harm to the balanced, indigenous
community. This rationale should include a comparison of species and

EMPHASIS SHOULD BE PLACED ON SPATIAL
abundance lists and, where appropriate,/estimates of areas impacted and
QUANTITATIVE COMPARED WITH

/ 4evels- ot impact/for- locations of similar habitat within areas (i), (ii)
and (iii), subparagraph (A) above, using a statistical method such as
coefficient of similarity or analysis of variance. If such statistical
methods are inappropriate, an appropriate method of comparison may be
substituted and the rationale should include the reasons for the sub-
stitution.

(5) A description and discussion of the effect the heated

effluent has had on economic and recreationail uses of the balanced,

indigenous community.

SITE-RELATED
(5) All other known existing?reports concerning the effects

THE RECEIVING SYSTEM OR ITS BIOTA.
of the applicant's discharge on principal macrebenihic S5paciess - threatsned
or- endangerat species-om Speetes- of -shet bEichy -kish-and wi kdldfe- |If

THE BIOTA,
any of these reports indicate effects harmful to amy sueh speetes, the
applicant should submit a rationale ;tating why these effects did not

constitute appreciable harm to the balanced, indigenous community.
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DEMONSTRATION TYPE 2: PROTECTION OF REPRESENTATIVE, [MPCRTANT SPECIES

(a) Introduction.

Any existing or new source may present information pursuant fo this
chapter fo demonstrate +hat the fhefmal component of its discharge will
assure the protfection and propagation of representative, important
species whose protection and propagation, if assured, will assure The
protection and propagation of a balanced, indigenous community.
A Type 2 demonstration should include The information identified in
this paragraph, unless the demonstration is changed following consultation
with the Regkana4-Adm4nis#ra*eF-4@F Oirector}. The demonstration may
also include such additional information as fthe applicant may wish tfo be
considered, provided that the additional information is accompanied by a
rationale stating why such information indicates assurance of the protection
and propagation of The balanced, indigenous community. Information to
be submitted includes the followingzl/
° Mixing zone information. (Paragraph (c) (1) or (d)(1); see
also Chapter VIiI and Appendix A.)

° Water quality standards information. (Paragrzph (c)(2) or
(d)(2).)

° Record of shutdowns. (Paragrapn () (3) or (d)(3).)

® Biotic communities information. (Paragraph (c)(4) or (d¥(4).)

|. Where field sfudies are carried out, sample replication should be
adequate fo determine t+he precision of the data generated and o conduct
appropriate statistical fests.
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. Representative, important species information. (Paragraph
€c3 {30 or (d)(5); see 3lso paragranh (b).)
) Oiscussion of economic and recreational effects. (Paragraph

(c)(b) or (d)(6).)

° Other known reports on effects of the discharge. (Paragraph

(c) (7> or (d)(7).)
° Engiﬁeering and hydroiogic informatisn. (Chapier VII.)
] Therma| load information, if needed. (Chapter !X.)
Information for a ful!l Type 2 demonstratisn includes all of the
above items. Wherever the appl cant can show to the satisfaction of the

Regi-onat -Admi mistrator-<er Directord that its discharge has or will have
THE DIRECTOR
a low potential impact on the receiving water body segnent, seleciion of
MAY MODIFY THE DEMONSTRATION BY OMITTING SOME OF THE BIOTIC COMMUNITY
Fepresentative r -importand-spec+3s may -bo- 4 imited- to fish and-shodd £ isha
INFORMATION DESCRIBED IN PARAGRAPHS (C)(4)(a) AND LIMITING THE
REPRESENTATIVE NOTE: The applicant should submit information on all modes of dis-

IMPORTANT SPECIES TO FISH.
charge under consideration. See Chapter |, paragraph (c).

(b) Selection of Representative, Important Species.

(1) General.
(A) The Regionat-Admirikstrater-{er Directorsd should
select represertative, important species pursuant to 40 CFR 8122.9(b)(2)
SEE APPENDIX I.
(or 8122.15(0)(2)). /Such species should consisT of one or more species
from each of the following biotic categories: macroinvertebrates, fish
and economically important species; exgept that the Regionad -Admisdistradeor
{@er Directord may determine, based on the characteristics of the receiving

water body segment, that species from one or more of these biotic

categories need not be included. (See also paragraph (a), above.)
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(8) In some cases those species most important in
controlling éo%munify function are little understood and act in a subtle
fasnion, so that their role is only evident following environmental
degradation. Until such species are identified, it remains prudent in
selecting representative, inportant species in nondegraded environments
to consider primarily commur ity dominants. Dominant speci=s include:

(i) those with high biomass, and (ii) those of greatest numerica} abundance,
regardless of biomass. included among these species would be many

species important to energy and nuirient cycling, community structure,

and habitat formation.

(C) Where spacies known fo be temperature Tolerant or
capable of withstanding passage through the proposed discharge are
selected as representative, important species (based on treir community
abundance, potential economic importance or other factors Eg;g;, American
oyster, blue crab, barnacle]), additional more thermally sensitive
species in the same biotic category should generally be selected as
well, in order betfer to reflect the thermal sensitivity of an entire

biotic category.

(2) Species Selection Where nformation is Adeguate.

Where information pertin:nt fo species selection is
adequate, The-Reg&eﬂa4-Adm4ﬂ49#6a#es-40v Director) should promptly select
representative, important species. The applicant may suggest species
for his consideration and may, as a part of its demonstration, challenge

any selection. Species should be selected as follows:
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(A) Applicable State water quality standards.

- - If the State's approved watar quality standards
designate particuiar species as requiring protection, These species
should be designated, but alone may not be suf-icient for purposes of a

Type 2 demonstration.

(3) Consultation with Director and with Secretaries

of Commerce and Interior.

In the case of species selection by the Regional
Administrator, he must seek the advice and recommendation of +he Director
as to which species should be selected. The Regicnal Adminis+rator must
consider any timely advice and recommendations supplied by the Director
and should include such recommendations unless he believes that sub-
stantial reasons exist for departure.

The Secretary of Commerce and the Secretary of the
Interior, or their designees, and other appropriate persons (e.g., uni-
versity biologists with relevant expertise) should also be consulted and
their timely recommendations should be considered. The Directer should
also consult with the agency exercising admiaistration of the wildlife
resources of the State.

(C) Threatened or endangered species.

Species selection should specifically consider any
present threataned or endangered species, at whatever biotic category or
trophic level, except that no information should be requested that would

require flield sampling prohibited by the Endangered Species Act, |6 USC

1531 et. seq.
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(3) Thermally sensifive species.

The mos1 thermally sensitive species (and species
groups) in the local area should be idenfified.anc their importance
should be given special consideration, since such species for species
groups) might be most readily eflminafed from the community if effluent
fimitations allcwed existing water temperatures to be altered. Consider-
aticn of the most sensitive species will best involve a *otal aquatic
community viewpoint.

Thermal sensitivity data includes but is not |imited
to The data described in paragrapn (2)(S)(A), below. Reduced tolerance
To elevaTted temperature may also be predicted, for examp'e, in species
which experience natural population raduction during fthe summer. Speciss
having the greafest northern range and least southward cistribution may
also possess reduced thermal! tolerance.

(E) Economica |y important species.

Selection of economically important species should
oe based on a consideration of the benefits of assuring their protection.

(F) Far-field and indirsct effects.

Consideration should include the entira water body
segment. For example, an upstream cold water source should not be
warmed 1o an extent that would adversely affect downstream biota. The
impact of additive or synergistic effects of heat combired with other
exisTing thermal or other pollutants in the receiving waters should also

be considered.



(3) Species Selecticon Where Information is Inadequate.

_ _Where the avaf!able information i3 not adeguate to enable
the Regienzl- Admiis¥rator-tor Director’ +o select appropriate represen-
tative, important species, he may request the apclicant attempting +o
make a Type 2 demorstration to conduct such s+udies and furnish such
evidence as may be necessary to enzble such selecticon.®* Where species
selection is based on informaticn supplied by th. applicant, the appro-
priateness of the species as representative and important is an aspect
of the applicant's burden of proof.

The applicant's species selection studies or evidence
should normally consist of:

(A)  Early submittal of the species information described
in paragraph (c)(4) or paragraph (d)(4), below, and the median tolerancs
Limit information described in paragraph (c)(5) or (d4)(5), below.

\B) Any available information regarding species identified
by community studies, if (i) such community studi2s have been conductad
at existing thermal discharge sites, (ii) +he studied community included
species also found at the applicart's proposed discharge S?Te, and (iii)
such studies have shown that any sich species exparienced appreciable
harm as a resuit of the thermal ccmponent of the discharge. (See Chapter X.)

(C) Other informatiion necessary cr appropriate to enable
the Regionad-Admindistrator-(or Directors o address +he considerations

set forth in fparagraph (b)(1), abcve.

*FOR THE LOWER TROPHIC LEVELS THE DIRECTOR MAY DETERMINE THAT
COMMUNITY STUDIES MAY BE SUBSTITUTED FOR REPRESENTATIVE, IMPORTANT
SPECIES.
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{¢c) Applicant's Information--Existing Sources.

Infsrmation to be submitted by an existing source includes the

following:

ADDRESSING CONFORMITY OF THE DISCHARGE CHARACTERISTICS
(1) Field data theit-the-discharge <omtorms/with an appropriate

mixing zone and zone of passage. (See Chapter VIIi.5 AND MICHIGAN WATER QUALIT:
STANDARDS).

(2) Evidence of compliance with presently applicahle water
quality standards. The applicant should submit evidence sufficient to
enable the Regilonat -Admimistrater {erF Director} to make a determination
OF COMPLIANCE.
that- water- qua ity -standards- wikk be-mefs  |f any of the evidence reveals
possible noncompliance with water quality standards, the applicant
should submit a rationale stating why the expecied deviations from water

DO NOT CONSTITUTE

quality standards wihkl-aet resstt<4p a failure fo assure the protection
REPRESENTATIVE, IMPORTANT SPECIES AND THE BALANCED, INDIGENOUS

and propagation of the selected/speetes. (See Chapter VIII.) COMMUNIT: .
(3) Records of shutdowns (resulting in complete stoppage of

heated effluent flow) and their effects on the aquatic biota. All such

shutdowns during the last five years should be documented end some

assessment of the known effects of each such shutdown should be made by

the applicant. |If the applicant's records are incomplete or if he has

no knowledge of harmful effects for a specific shutdown, he should so

note and should describe his monitoring efforts in connecticn with such

shutdown. |f any effects harmful to aguatic biota have resulted from

shutdowns, the applicant should submit a raticnale stafting why fThese

effects did not interfere with the 2>rotection and propagation of the SELECTED

REPRESENTATIVE, IMPORTANT SPECIES AND THE
/ balanced, indigenous community. Projecticns of expected shutdowns and
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their projected effects on the aquatic biota should also be made, and
the applicant-should also submit a rationale stating why the projected
effects will not result in a failure to assure the protection and
propagation of the balanced, indigenous community. For freshwater fish
the nomograph in the Freshwater Thermal Criteria, Appendix B, should

be consulted to determine the maximum allowable temperatures of plumes
for various ambient temperatures. For non-fish and marine species
appropriate inforination, as available, should be consulted.

{4yfA}--A-1i3t-and-data-decumenting-the-abundance
of-each-selected-representative;-important-speciess-threatened-eoer
endangered-speciec-and-nuisanee-species;-at-any-trophie-ievei;
prinecipal-maerebenthie-speciess-and-ether-important-speetes-of-fish;
shetifish-and-wildiife;-ineluding-all-deminants-{see-paragraph-{b}{13}¢B};
abeve3}-in*

(4) (A) A LIST OF AQUATIC LIFE AND WILDLIFE AND DATA
DOCUMENTING THEIR ABUNDANCE IN THE AREAS AND UNDER THE CONDITIONS
DELINEATED THRCUGHOUT THIS SUBSECTION (4)(A). THE LIST SHOULD INCLUDE
SPECIES: THREATENED OR UNIQUE; INDICATIVE OF WATER QUALITY OR ENVIRON-
MENTAL CONDITICNS; WITH NUISANCE CAUSING POTENTIAL; IMPORTANT IN
ENERGY TRANSFER; OF HISTORICAL SIGNIFICANT; ECONOMICALLY VALUABLE;
DOMINANT; OR WHICH MAKE UP APPROXIMATELY 10% OR MORE BY WEIGHT OR
NUMBER OF THE PHYTOPLANKTON, ZOOPLANKTON, MACROPHYTES, ATTACHED
FILAMENTOUS ALGAE, MACROINVERTEBRATES, ICHTHYOPLANKTON, YOUNG FISH,
ADULT FISH OR WILDLIFE.

(i) 1IN the discharge zone under existing conditions,

(ii) IN the water body segment just outside the
discharge zone under existing conditions, and

(iii) IN the water body segment just outside the
discharge zone under theoretical conditions which would exist when all
point source dischargers of pollutants are in compliance with section 301(
of the Act (P.L. 92-500).

All representative, important species and threatened
or endangered spmecies should be listed, except that no information
should be requested that would require field sampling prohibited by
the Endangered Species Act, 16 USC 1531, et. seq. The degree to which
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OTHER SPECIES

Al SARE2 GHeE FaS- 3a¢ wTARM ~iFaertanY -3 e ted of - eveid ¢ Fir, - £ P ana
whlsd+ee arfe” to Do listed shculd be dotermined by consulfation befween
“he applicanT and the Regronet -Admd etafrarer {or Directork.
SPECIES IN THE LIST AND FOR EACH

Data should be provided for each/of the foliowing
seasonal concitions: summer 1aximal temperature, fall frarsitional
regime, winter minimal temperiture and spring transitional regime. The
Regrionak Admimristrator- o Di-ector’y may request the applicant fo conduct

more Thorough sampling where needed for his analysis of the particular

case. BECAUSE THREATENED OR ENDANGERED SPECIES ARE OF SPECIAL CONCERN
ADDITIONAL OBSERVATIONS SHOULD BE INCLUDED, SUCH AS BEHAVIOR, MORTALITY,

REPRODUCTION, FEEDING, Information relating to the discharge zone should
SEXUAL MATURITY, AGE,

DISEASE, represent conditions througncut the zone li.e., from the point of
ETC.

discharge to *he 2°C. isotherm) unless The Regiensl- Admitd strator - (tor-
Director)» designates a particular portion of the discharge zone for
study.

The estimation (iii) of fthe species which would be
abundant under theoretical conditions should represent tne applicant's
best approximaticn based on historical data or cn the binva of appro-
priate (relatively unpolluted) nearby water bodies (e.g., at upstream A

control stations). The basis and limits of comparabilify of such water

hogdies should be stated.
THE LIST SHOULD BE PRESENTED IN SUCH A MANNER THAT ANY DIFFERENCES IN SPECIES

(3= -A 8Cabs M@ -SHOW+ 35 52 -HOCAT o= W+ BRI~ The DFEBGERY

PRESENT IN THE THREE AREAS CAN BE DISCERNED.

discharge. 20n6 of ~reprodulldi v 3 BN -ALSER Y 35285 ,~ A4 graToFy -roudss and -
HiNE Fpa- - MAGTODERFH €-5peCi 83 -

(B) A SCALE MAP OF THE RECEIVING WATERBODY IN THE PLANT
VICINITY FEATURING POINTS OF BIOLOGICAL, ECONOMIC, OR SOCIAL IMPORTANCE AT THE
LOCAL LEVEL (e.g. SPAWNING AND NURSERY AREAS SUBSTRATE:, BENTHIC FAUNA
DISTRIBUTION, DOMINANT CURRENTS, MIGRATORY ROUTES, TRIBUTARY STREAMS, DAMS,
WATER INTAKES, OUTFALLS, ACCESS SITES, ETC.).
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(C)  The data salled for in subparagraphs (A) and (B) above
should be a;gpmpanied Oy @ ~ationale stating why the informa*ion provided
does not suggest a failure -0 assure the protection and propagation of a
balanced, indigencus commun *y. This ratichale should include a compariscn

EMPHASIS SHOULD BE PLACED ON SPATIAL
of species and abundance lists and, where afpropriate,/estimates of
QUANTITATIVE IMPACT COMPAREL WITH
areas impacted and/1evek3'ofﬁvmac+-+or locetions of similar habitat
within areas (i), (ii) and (iii), subparagraph (A) above, using a statistical
method such as coefficient of similarity or analysis of variance.
IF SUCH STATISTICAL METHODS ARE INAPPROPRIATE, AN APPROPRIATE METHOD OF
COMPARISON MAY BE SUBSTITUTED AND THE RATIONAL SHOULD INCLUDE THE REASON
FOR THE SUBSTITUTION. TO INCREASES IN TEMPERATURE

. (5) (A) The 24-hour median tolerance limit/of species of
macroinvertebrates and fish which are dominant in the receiving water .

body segment. [t such data are not available, the applicant should
conduct adequately designed laboratory studies to determine such temperatures.
Such studies should be conducted with summer populations or warm acclimated
organisms and should employ accepted procedures for median tolerance
tests for the particular species. Waters used for the tolerance tests
should resemble actual receiving water quality anticipated during the
period of the proposed discharge.

This information is for purposes of selecting and
verifying the selection of representative, important species. It is
useful primarily in predictive situations in the absence of reliable
field data. The number of species which should be covered should be
determined bv consultation between the applicant and the Regiorak Admin~
-isf¥rator-¢or Directory. Use of the 24-hour median tolerance limit is
preferable for uniformity of compariscons; however, if median +olerance
levels for some other time scale are the only data available, they may

be used.
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(8) The following life history thermal effects data for
each representative, important speci :s.
(i) Life History Thormal Effects Data.--For each species,
+he thermal criteria data identified in This subdivision shou'd be

provided, |/ except that:

) |¥ such deta are not available for selected repre-

LOWER TROPHIC LEVELS,
sentative, important species of macfekrverIsHaFEsS,~

SUCH GROUPS
community studies of -th+4s-grewp may be conducted at

the request of the Regieomak Admimistrator-tor Director?
or at the applicant's option with the advice and
consultation of the-Regdierai- Admiristrmator-tor
Director+. (See Chapter X.)

® An existing sour:e sited on flowing wafTers may

conduct iﬂ situ drift studies to demonstrate that

plume temperaturas will not be harmful 7o eggs,

larvae and adult of representative, important

OF THE LOWER TROPHIC LEVELS.

macrod avwerdebrate species/ These sTudies may

substitute for appropriate components of life
history thermal effects data.
Thermal effects data to be provided are the following:
° Short-term maximum temperature for survival (upper
lethal temserature) of parent during reprcduction.
(Use acclimation temperature comparable to expected

ambient tenperature.)

I. Tnis fist idenTifies generil categeries of data which relfate 7o a
wide range of species. |n presenting Tnermal effects catz, information

RSN

categories should be tailored *to The individual species being considgered.
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°® Short-term maximum ftemperatu-e for survival (upper
- - lethal temperature) of appro.riate |ife stage during
the summer.
® Optimum temperature for grow“h of appropriate |ife
stage (juvehiles or adults).
® Minimum avoidance ftemperatur: (motile species).
® Maximum temperature at which normal incubation and
larval developmert occurs.
® Normal reproductive daves (site specific) and temp-
eratures (general) at which reproduction occurs.
The applicant's life history thermal effects data may be
based cn criveria and information publishec pursuant to section 304(a)
of the Act; information set forth in Appencix A; adequately designed
laboratory or {ield studies, or published <tudies on latitudinally
comparable populations, as provided in subparagraph (E) below. Thermal
effects data may be presented in tabular or narrative form, but in
either case rdefailed explanations of assumptions made should accompany

AND PAGE NUMBER.
all data presented. All information shoulc be footnoted as tG sourcer/

(ii) An evatuation of the effects of the proposed
discharge on the representative, important species. The evaluation
SIMILAR TO THAT
should be presented in tabular form/as indicated on Sample Table A,

below. One fable shou!d be submitted for each representative, impor*ant

species. The evaluation should indicate the distribution and duration

142



$0S §S}| @4ep S4D8}}6 |ewseyy eyj JO Se|ieuwns e4ini|}suod sbujpeey ©|qei Oy|
pinoys sc|a0664p0 Ap|Aaj4oe ‘suojjenjess jewseyy bujjueseud uj

‘eunjesodwo} juejque pejdedxe of o|qesedwod einjesedws) uojjew||ode Osn °Z

*eAoge ‘(1)(q)s ydeusbeusedgns je yjaoy
*peJepisuod Bujeq se|deds [enpja|pul ey} Of peuoj|ey eq
*59108ds 10 6buR) BpIM © Of 84|04 YD|ym SO|}|A|4O0 SO|j|4uep| 8qey syl |

sounipiadwe)] § sajeq
uoqjonposday |ewsoN

tuswdo|8asq
404 " xen

8DUEP|OAY wWNWiUlp

yjmouqg wnuwyjdo

|eAAING
JOUWWNG JOJ " XPy

[1-43

/7iueaed jo
jeajauné 4oy “xep

suoy?
ebueyos|q epis4no
S§28443

uo|sn|ox3 pepn|ox3 Aj1Al4oyY
JO ewj}) ¢ eeJy jJo 5

1eay Aq sucy ebueyos|g
wos4 papniox3 Ap|A4oy

(poyJed
ewjj Bujpnyou) ‘suojjipuo)
{eyYM pue peusAo) SOUdY) ebey
aunjeusedue) *xen Bujpsaoxy pue 821nog
auoz ebueyos|q ejeq
40 eeuy

eunjetedws )

Mﬁm«uo*Og& eq o}
A

A130y |edtbojolg

(BWeN 51j14ue)93)

(BWeN UouO))

VivVO TviW43HL 40 NOIL1VNIVA3

v 3718vL 31dWYS

$$3103dS



of potential exposure of the species (i) in th2 discharge zone and (i})
in the water bocy segment just o.tside the diszharge zone during worst
case and average conditions during each season.

(ifi) A rationale stating why the information submitted
pursuant to this subparagraph éu;gesfs that the heated discharge will
not result ir a failure fto assur: the prctection and propagation of the
selected species. Where data necessary fo complete the life history
thermal effecTs data are unavailable and commurity studies have not been
substituted, the rationale should so note and indicate why obtaining the
data is not feasible or not necessary fo the analysis of the effects of
the dischargé or proposed discharge.

(C) When fThe Regtcmai-Admintstrater -(or Uirector’d believes
it is appropriate, information cn the chill requirements for gamete for-
mation of seiected species.

(D)(i) Except as provided in subparagraph (ii), below, the
applicant's life history thermal effects data should consist of any
applicable data contained in water quality criteria published by the
Administrator pursuant to section 304(a) of the Act, when such data aEe
published as final (rather than proposed) criteria. Life history thermal
effects data compiled by EPA are provided in Appendix B and should be

used where 304(a) criteria are not available or irapplicable.
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(11) where 304(a) data or data provided by ihe Regional
Adminis?rafog ére not applicable or the applicant wishes to contest any
of such data, the applicant may submit thermal tolerance data based on
well-documented field deduction, adequately designed laboratory studies
or published studies on latitudinally comparable populaticns. For
information based on laboratory studies, a detailed description of
methodology should be given or referenced. For information based on
published studies, the complete bibliographic reference, ircluding page
number, should be given and the use of such other sources snould be
explained and justified. For information based on latitudinally compara=
ble populations, the basis and limits of comparability should be stated.

(6) An assessment of the effect the heated effluent has nhad
and an indication of the expected effacts it will have on economic or
recreational uses of the selected species.

SITE-RELATED

(7) All other known existing/reports concerning the effects

RECEIVING SYSTEM OR ITS BIOTA.
of the proposed discharge on the /aquatic biete. | f any of these reports

THE
indizate a probability of effects harmful to aguatde biota, the applicant
should submit a rationale stating why the proposed discnarge will nonetheless

assure the protection and propagation of the balanced, indigenous community.

(d) Applicant's Information--New Sources.

information +o be cubmittad by @ new source inciudes the

following:
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(1) Data showing *Thaet *the propo.ed di .charge will conform

with an apprepriate mixing zone and zone of passi:ge. (See Chapter VIll=3
AND MICHIGAN WATER QUALITY STANDARDS.

(2) Evidence of compliance with prese t!

vy @oplicable water

quality standards. The applicant should submit -wvidence sufficient +o

enable the Regrom=t -Admintstrater <or Dire tor¥ -2 make a cetermination

that water quality standards will be met. [If an, of the evidence raveals

possible noncomp.iance with water guality standards, the applicant

should submit 2 rationale stating why the expected deviations from water

quality standards would not result in a failure -0 assure the protection
REPRESENTATIVE, IMPORTANT AND A BALANCED, INDIGENOUS COMMUNITY.

and propagation of the selected/species:/ (See Crapter VIll.)

(3) Projections of expected shutdowns resulting in complete
stoppage of heatad effluent flow, and their prcjected effects on the
aguatic biota. The applicant should submi* a rationale stating why the
projected effezts will not result in a fai ure fto assurs the protection
and propagation of a balanced, indigenous —ommunity. For freshwater
fish the nomograph in the Freshwater Therma! Criteria, Appendix B,
should be consulted to determine the maximum allowable temperatures of
plumes for various ambient temperatures. For non-fish and marine species
appropriate information, as available, should be consulted.

(4) A) A list and an indication of the aburcance of species
as called for- in subparagraph (c)(4)(A), above. These data should be

supplied for:
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(i) The proposed discharge zone under existing condivions.
" (i1) The water body segment just outside The proposed
discharge zone under existing conditions.

(iii) The propcsed discharge zone under projected
conditions during discharge.

(iv) The wat:r body segment just outside the proposed
discharge zone under projected condgitions during discharge.

(v) The water body segment just outside fhe proposed
discharge zone under +heoretical conditions which would exisT when all
point source discharges of pollutants are in compliance with section
301 (b) of the Act.

(3) A map =3 called for in subparagraph (c)(4)(B), above.
(C) A ratichale as called for in subparagraph (c)(4)(C),
above. The rationale shcild state wny the prcposed discharge will
REPRESENTATIVE, IMPORTANT SPECIES AND
assure the protection and propagation of/a balanced, indigenous communiTy.
Where appropriate, The ra-ionale should include estimates of areas which
may be impacted and level , of impact which may be expected TO occur.
<9>-?he—Hﬁorm&Hen<£H4ed4o¢-kyéubmyagcaﬁ»46&@@4@%,
abeve,- except- taat suehr 4 aformatien may -be- 4 ¢mited-Fo- SRe -area -gf- +hs
oroeposed-drscharge Zone.-
(5) Life history thermal sffects data, evaluations and
rationale as called for in subparagraphs (c)(5)(A) and (c)(5)(B) and,

if appropriate, (c’(5)(C), abtove.
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(6) An assessment of the effect the heated effluent is expected

To have on-economic or recreational uses or the selected species.
SITE-RELATED
(7) All other known existing/reports concerning possible
THE RECEIVING SYSTEM OR ITS
effects cf the proposed discharge on *he seguatic oiota. |f any of these
THE

reports incicate a probability of effects harmful to sawatic biota, the
applicant should submit a rationale stating why the proposed discharge

will nonetheless assure the protection and propagation of +the balzrced,

indigenous community.
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Vi

OEMONSTRATION TYPE 3: BIOLCGICA.L, ENGINEEZRING AND OTHER DATA.

(a) Introduction.

Any exisTing or new source may present biological, eng:neering and
other data to demonstrate that a proposed effluent |imitation is more
stringent than necessary to assure the protection and propzgation of a
balanced, indigenous community. The purpose of the Type 3> demonstration
is o provicde for the submittal of any information which fthe Regirona+
RGMih4 stateF -(or Directory balieves may be necessary or appropriate fo
facilitate evaluation cof a pa-ticular discharge. |t also srovides for
submittal of any additional iaformation which the applicant may wish to
be considered. Each Type 3 damonstration should consist of information
and data appropriate to the cise.

(b) Definition of Type 3 Demonstration; Written Concurrences.

Cetailed definition of a generally applicable Type 3 demonstration
is not possiblie, because of the range of potentially relevant informa-.
tion; the developing sophistication of information colliection and
evaluation ftechniques and knowledge, and the case-specific nature of the
demonstration. Prior fto undertaking any Type 3 demonstraticn, the
applicant snould consult with and obtain the advice of Tne Regions+t
A@min+ strater -(or Dirsctory regarding a proposed specific glan of study
and demonstraticn., (See Chapter |, subparagraph (c).) OJecision cuidance

may also be suggestec. (See Chapter ill, paragraph 3.)
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In general, Types | and 2 represent baselines for the depth of
analyses. -Whiie Type 3 information may be dif‘z2rent in thrust and
foéus, proofs should be at least as comprehensi ‘e as ir those tyoes and
should result ir similar levels of assurance of oiotic protection.

(c) Raticnales.

Each item of information or data submitted as a part of a Type 3
demonstration should be accompanied by 2 rationale stating why i+
represents evidence that the proposed discharge will assure the protec-
tion and propagation of a balanced, indigenous community. The rationale

should include 3an explanation as to why this demcnstration approach was

selected.

NOTE: THE APPLICANT SHOULD SUBMIT INFORMATION ON ALL MODES OF
DISCHARGE UNDER CONSIDERATION. SEE CHAPTER 1, PARAGRAPH (c).
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Vi

ENGINEERING AND YDROLOGIC DATA

(a) Introduction.

This chapter describes the engineering and hydrologic information
which should normally be included in any 316(a) demonstration. |t also
suggests formats for presentation of such information. The Regionat
Adm i strater -tor Director’ may request additional information or excuse
the applicant from preparation of portions of this information as the
situation warrants. The engireering and hydrologic information fo be
submitted should censist of all information reasonably necessary for the
analysis. Where information listed in this chapter is not rclevant fto The
particular case, if should be excused.

The engineering and hydrologic information and data suoplied in
support of a 316(a) demonstra~ion should be accompanied by adeguate
descriptive material concerning its source. Data from scientific lifera-
ture, field work, laboratory sxperiments, analytical mode! ing, infrared
surveys and hydraulic modeliny will all be acceptable, assuming adequate

scientific justification for ~heir use is presented. CiITATIONS SHOULD BE
TO PAGE NUMBER.

(b) Plant Operating Data.

(1) Cooling water flow. Complete Table 8 (incicate units).
(2) *Submit a time-temperature profile graph indicating temp-
erature on the ordinate and time on the abscissa. The graph should

indicate s+tatus of water temp:rature from natural ambienT through the

*IF WINTER OPERATION OR PLUME BEHAVIOR IS DIFFERENT THAN SUMMER,
PROVIDE APPROPRIATE PARALLEL INFORMATION.
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cooling system and discharge until its r=furn to ambient. Wcrst case,
anticipated average conditicns, and ideal (2.9., minimum time/ temperature
' P

impact) conditions should pe illustrated, preferably on the same graph.

(3) Submit a graph or table indicating the total heat rejected
via the discharge as a function of time, including short-term (daily)
and long-term (annual) fluctuations.
(4) For plants using fresh weter, complefe Table C, indicating
units.
TABLE C
Water Use Table

Fresh Water Receiving Water
ConsumpTtion Evaporation*

Maximum Cesign

Monthly**

Average Annual

*|ncrease in evaporation caused by the thermal discharge.
**|f variable, please indicate degree of variations by percent or
extremes. This may be illustrated graphically.

(c) Hydrologic Informa~ion.

\ (1) Flow: Provide the information called for i paragraph
(i), (i), C(iii) or (iv), as applicable *o the site:
(i) Rivers: flow -- monthly means and minima (7 cay, iQ
year low flows).
{{t>=-fetuariass - frasnwater 4 aduT, - ¥ Fded~ £ low vo rumessy

mat < aak 44 ax ——- MENTNH ¥ -MeENS -ang-m brrima- For- eaehr.-
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(iii) Reservoirs: tow through time, release scheduies --
e monthly means and minima.
44v)--0cayw;-:ﬁdaLJ£Jg‘tiaod_UﬁocmawcaerfLuyucg
characieristies -
(2) Currents: Provide the informaticn called for in paragraph
(i), (ii) or (i71), as appl cable to tie site:

(1) Rivers: maximum, minimum, and mean current ceed,
giving ceasonal (or monthly) fluctuations.
4444--€f#aar4es>-¢4daL-ané—seasenaJ-changes-Ln.cuc:en:-

ST eed and ~¢iTes T ons
(171)  Lorge lezkes and oceans: offshore prevailing currents;
focal tidal and seasonzl changes in current soeed
and direction,
(3) Tabulate or illustrate monthly means and summer extremes

in stratification characteristics amd <setirbty-variafions- in the vicinity

of the infake and discharge. |f intake and discharge ccnditions are
identical, so state and provide oniy one tabulation or illustration.
(4) Tabulate or illustrate ambient temperature of the receiving

waters, giving monthly means and extremes for the preceding 10 years as
data availabiitity permits. If comparable site waters are used, indicate
the basis and |imits of comparability.

(5) Indicate intake and receiving waters depth contours at
0.5 m. intervals. Provide other significant hydrolcgical features

(e.g., thermal bar characteristics).
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(d) Meteorological Data.

| f energy=budget computations are included as part of *he 316(a)
demonstration, provide the following meteorological data for the plant
site, giving both monthly means and searonal extremes. Indicate units.

(1) Wet bulb air ftemperature.

(2) " Dry bulb air temperature.

(3) Wind speed ard direction.

(4) Long wave (atmospheric) radiation.
(5) Short wave (solar) radiation.

(6) Cloud cover.

(7) Evapotranspiration.

(e) Outfall ConfigLration and Operation.

Provide the following info-mation on outfall configuration and

operation, indicating unifs expressed.

(1) Length of discharge pipe or canal

(2) Area and dimensions of discharje port(s)

(3) Number of {ischarge port(s)

(4) Spacing (o1 centers) of discharge ports

(5) Depth (mean and extreme)

(6) Angle of discharge as a function of:

A. horizontal axis

B. vertical axis

C. current direction(s)
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(7)  Veloacity of discharge:

_ - A, maximum

B. most usual

(f) Thermal Plume Characteristics. AND IDENTIFICATION OF THE DISCHARGE

LONE
Provide the following information on tharmal plume characteristics: —_
WITH ERROR ESTIMATES
ap

Scale drawings/accurafely depicting the plume's configura-
tion under various hydrological conditions. Drawings should provide

isotherms in at least 2°C. increments and should indicate 3 spatial

dimensions to the extent possible. Such drawings should be supplied for

6w and-slack-Fid25-6m dow and-aversge -f-lows Guring each of the four

seasonsr, AND IN RIVERS, FOR LOW AND AVERAGE FLOWS. THE RATIONALE FOR
DESIGNATION OF THE DISCHARGE ZONE (CHAPTER III (8)) SHOULD BE INCLUDED.

(2) Indicate by similar illustration vhe expected variation

in plume isotherms under variable conditions of :limate. A qualitative

discussion of “he effect of changes in relevant retecrological parameters
may be provided if adequate information is available.
(3) Graph plume velocifyfli. distance.
(1Y along centerline
(11) along bottom

(g) Chenmical and Water Quality Data.

Section 316(a) specifies that the thermal component of the discharge

must be evaluvated ". taking into account the interaction of such

thermal comporent with other pcilutants. . . ." While data on such

synergistic effects are |imited, certain information will assist *+he

Regional Administrator (or Director) in assessing potentially harmful

interactions. The following information should be provided:

*ONE FOOT PER SECOND UNITS TO A MINIMUM OF ONE FOOT PER SECOND.

I1-56



(2)

(3)

The amount of chlorine used daily, montaly and annuallvy,

the freduéncy and duration of chlorination, and fhe

maximum total chlorine residual at The point of discharge

obtained during any chlorination cycle.

A list of any other chemicals, additives, or other discharges

which are contained in ine cooling wate~ discharge including
(TRADE)

the/name, amount (inclucing frequency and durafion of

application and the maximum concentration obtained print

+o dilution), chemical composiiion and the reason for

addition.

The effect of the thermal discharge o>n the dissolved

oxygen levels in the plume and in the receiving waters in

increments of 0.5 mg/l.
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VI

- - !
MIXING ZONE GLIDELINZ5Y

(a) Intrcducticn

(1) Ceneral
The prctection and propagation of a balcnced, indigenous
» SEGMENT OF, OR REGION OF A
community in the receiving water body/segment mus~ be assured. Consis-
tent with achieving this assurance, in many cases one cor more areas of
A WATERBODY, SEGMENT OF, OR REGION OF
/ @ segment may te designated as mixing zoynes. Within such zones, reduced
water guality may be allowed, provided rhat the zones, individually and
in combination with other point and nonpoint source influences on the
WATERBODY OR
/ segment, are so limited as not to preclude the statutory protection and
propagation requirement.

The mixing zone to be employed shculd be the zone set forth in
applicable water quality standards. Where the language of the standards
is not sufficiently precise to identify the mixing zone with certainty,
the Regtomal- Admini stretor-tor Directort should promptly identify the
mixing zone called for by the standards. In the case of any new source,
the Regienmai- Admimis*rator-tor Director)> should specifically identify an

AND/OR MIXING ZONE
appropriate zons of passage/at the outset of the demonctration.
|f the applicant is seeking alternative effluent limitations

which would be bhased on a mixing zone other than the mixing zone provided

by the applicable water quality standards, the submittal should describe

. See also Appendix A.
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the location, size and shape of fthe desired zone and the water gualifty
within the zome. This information should be accompanied by & rationale
stating why the existence of such a zone will be consistent with the
assurance of +he protection and propagation of the balanced. indigenous
community. The rationale should consider the mixing zone materials
accompanying This guidance and should include an evaluation of the
relationship of the recommended mixing zone with other discharges (present
and potential, thermal and non-thermal) to the receiving water body
segment. The rationale may also include such other information as the
applicant may wish fo present.

Any mixing zone must be limited 1o a temporal and spatial
(area, volume, configuration and location) distribution which will
assure the protection and propagation of a balanced, indigenous com-
munity of shellfish, fish and wildlife in and on the receiving water
body. If the applicant's subnittal involves review of the mixing zone,
the Regioral Administrator-¢or Directors should:

° Consider the principles set forth in this chapter and

Appendix A, as appropriafe.l/

° Consider applicable water quality sfandards.g/

|. Guidelines for mixing zones in fresh water are setf forth in paragraph
(b) of *this chapter; guidelines for marine mixing zones are included at
paragraph (c). Appendix A contains additional materials which may be
considered in connection with fresh water mixing zones. The guidelines
may be supplemented with information on mixing zones contained in The
report of the National Academy of Sciences, "Water Quality Criteria"
(1973).

2. The statutery rule of section 3i6(a) that effluent linitations
should "assure the protecticn und propagation of a balanced, indigenous
sopulation" requires maintenance of receiving water body characteristics
which will assure that profection and propagation, ~ofTwi thstanding any
possible departure from otherwise applicable water qualivy standards,
inciuding their mixing zone provisions.
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o - rhe case of. a-determination by-the Regional -Admin is--
- T Fater,s €oRsu - w ik Fhe DH rectors

° In the case of interstate or international waters, con-

sulT with the responsible water quality management agencies
of such other jurisdictions.

° Consider of any pertinent information submitted by the

applicant or however obtained.

(2) Definition.

A mixing zone is an area contiguous to a discharge where
receiving water quality does not meet the requirements otherwise applicable
to the receiving water. Description and delineation of mixing zones
pose difficulT regulatory problems. |t is obvious that any time an
effluent is adced having lesser quality than the receiving water, there
will be a zone ot mixing. The definition as used here is that receiving
water area whe~e exceptions to otherwise applicable water quality standards
are granted. It is important to recognize that by this definition the
effluent or piume may be identifiable at distances or in places outside
the defined mixing zone. This definition should not be confused wi+h
engineering usages, often employed in designing ocutfalis, and that refer
to the area before complete mixing occurs. The mixing zone is a place

to mix and not a place to treat effluents.
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(3) General Principles.

There are several principles that are applicable to most
mixing zones and provide the basis upon which to establish conditions
for them. A most important principle ic that since by their definition
mixing zones provide for exceptions *o crherwise applicable water
qual ity standards and damage may occur, ‘he permissible size of the
mixing zone is dependent on the acceptable amount of damage. For obvious
requlatory reasons, as well as biological ones, The size and shape of
the mixing zone should be specified so that both the discharger and the
requiatory agency know its bounds. A mixing zone should be determined
taking info consideration unigue physical and biological features of *he
receiving water, but there are principles about the size and shape that
can aid in decision making.

(4) Physical Size.

For physical reasons, the size of the mixing zone may need to
be larger for very large discharges than for very small ones. The
permissible size depends in part on the size of the receiving water; The
larger the body of water, the larger the mixing zone may te without
exceeding a given portion of the total receiving water. The acceptable
size for a mixing zone depends also on the number of mixing zones on a
body of water. The greater the number, the smaller each must be in
order to keep the area devoted to mixing zones sufficiently small. In

+his connection, future growth of industry and population must be considered.
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(5) Quelity Within Zor3s.

There are upper limits to the oermissible degree of cegradation
within mixing zones. All mixing zones shoul!d bz free of:

(i} Materials that will settle to form objectionable
deposits.

(ii) Floating debris, oil, scum, and other matter.

(7ii) Substances producing obje:xtionable color, odor,
taste, or turbidity.

(iv) Gubstances and conditions or combinations thereof
in concentrations which produce nuisance aquatic life.

The conditions that may exist in the mixing zone should be
determined for each sife but general principles can quide. There should
be no conditions permiftted that are rapidly lethal to locally important
and desirable aquatic life. Therefore, rapid mixing is desirable. Many
planktonic organisms are such weak swimmers that they wmust drift through
the mixing zone and and will be exposed to its conditions for the period
of time required to drift through anc in lakes or reservoirs this may be
an extended period. Therefore, toxici#+y or adverse conditions should be
such that thece organisms can surviv: without undue damage or stress
while they are passing through. There are concentrations of some pollu=-
tants that atitract animals but are also lethal or clearly adverse. Such
pollutants thay attract aquatic |ife are more froublesome than those
pollutants that are avoided. For excmple, crowding fogether in a heated
plume enhances disease susceptib.lity and Transmissicon. Concentrations

OF TOXICANTS

/ exceeding fthe 96-hour LC__ should noi be permitteds ANY PLACE IN THE MIXING
ZONE INHABITABLE BY FISH.
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NOT APPLICABLEL
(6) / Fresh Water/Marine Water Distinction.

For purposes of this chapter, water may be delineated as fresh
water or marine water on the basis of salinity or tide. Marine waters
include all oceanic waters and those under the influence of the ocean.
Specifically, *hey include waters of the coastal region and Those extending
into bays, estuaries, river mouths, and other lowlands to that point at
which either (a) the salinity falls below 0.5 parts per Tthousand, or (b)
a predictable tide no longer persists. All waters above this point
should be considered fresh water. At boundary locations, the Regional
Administrator (or Director) may indicate, based on the hydrological and
biological features of ftte site, whether the mixing zone, 'f any, should
be evaluated on the basis of fresh water or marine water principles.

(b)Y Fresh Water Mixing Zones.

(1) Summary.

The following discussion is a2 tool to aid decisian-making when
mixing zones are established. It cznnot replace knowledge of local
areas or common sense, but it can assist in identifying key elements
upon which to base decisions.
The basic components are:
(i) Delineation of the most valuable areas and consideration
of biological values.
(ii) Selection of a level of protection for each area and
determinaticn of fthe portion of the area to be allocated to all mixing zones.
(iii) Limitavion of the permissible conditions of quality
in the mixing zones.

(iv) Allocation to present and future dischargers.



NCTE:  This paragraph discusses general principles regarding
fresh water mixing zones. A proposed optional system for
establishing fresh water mixing zones based on receiving
waters' biological valis is sef forth at Appendix A.

(2) Biological Consideratiois.

From a biological stancpoint, the location of the mixing zone
is important. |* is generally frue that an offshore discharge has a
lesser potentia! for adverse effe:t than a comparable onsnore discharge
into shallow water. Shallow water in lakes, reservoirs, and rivers is
generally more biolcgically valuable and productive. There are several
reasons and some of them are critical during site selection.

Food production is greater in the shallow water zone because
light penetration is sufficiently deep to cupport growth of periphyton,
attached algae, and rooted vegetation; nufrients from runoff are commoniy
more plentiful; terrestrial food organisms are more plentiful; there is
a greater variety of substrates (sand, sediment, and rubble as contrasted
+o mostly fine sediment in deeper water) thut provide habitat for many
kinds of fooa organisms; and oxygen concentrations are more favorable
because wave action and diffusion processes transport oxygen to the
bottom.

The density and variety of fish are greater in shallow water
because most fish spawn in shallow areas and their progeny utilize These
areas as nursery grounds; prior to spawning migrations info fributary
streams, numercus fish species concenfrate in shaltow waters until

conditions are op*timal for spawning runs; cover provides more protecTion
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from larcer precators; the more diverse substrates support a greater
variety of éﬁécies in larger numbers ‘han in the more uniform hapitat of
deep waters; and, in rivers and streams, many fish species migrate
through the shallow shore zones. Shallow, protected bays and coves on
large lakes and reservoirs are often +he most biologically important,
probably for the above reasons, but also because wind and wave action
are reduced and tne bottom is more stable.

Mixing zones in shallow water affect a greater benthic area as
+he result of limited dilution volume and natural turbulence resulting
in top to bottom mixing. In some instances, however, the very shal low
water (less than a few meters) can be less productive due fto an unstaole
substrate of shifting sand and sediment caused Dy wave aztion by wind or
shipping activities.

The location of mixing zones should consider migratory routes

of important species, and they should not be positioned so as to form a

block to such movements. |f less than one-half the width of a stream or
river is used, then discharges on opposite sides will not constitute a
block. In this connection, future dischargers must aiso be considered.

Thus it is good practice fo limit single mixing zones fo one=third or

one-quarter of the width of a sfream or river. IF WATER QUALITY CONDITIONS
IN THE MIXING ZONE ITSELF ASSURE PASSAGE OF ORGANISMS WITHOUT ACUTE OR
LATENT EFFECTS THE APPLICANT MAY DEMONSTRATE THAT A GREATER MIXING ZONE IS
APPROPRIATE.
Recreational uses, such as water confact sports and sport
fishing, are concentrated in the shore zone also. This zone 1is
important to the aesthetic appeal of water bodies, as well.



(3) Pos?f]oning.

The positioning of mixing zones relative

TO each other is

important. Special concern is needed where mixing zones contain
may be adjacent or

different components (such as heat and copper) and

Overlapping or superimposed mixing zones are acceptable if

overlap. a
BIOLOGICAL EFFECTS MEET OTHER GUIDELINE RESTRAINTS.
there-is-not an-addHitive sffect and -the-toxicity 4imits stven betow are

WITH OVERLAPPING MIXING ZONES
tm-thie -wuy; less ares is used for a given number of dischargers

met-,

but regulatory problems may be made more difficult.

(4) Shape.
The snape of mixing zones is important becauss the boundaries

must be easily located for compliance purposes. Actual plumes ars not

fixed in either size or shape and therefore cannot be used as boundaries.
The prudent approach is to adop* a simyle configuration that is easy to

locate in the tody of water and yet avoids excessive irpingement on
AN AREA EQUIVALENT TO THAT OF A CIRCLE WITH A SPECIFIE.

important areas. - eircle-with-a-spectfied radius-+s preferadie-
RADIUS LIMITS THE AREAL EXTENT, BUT FAILS TO LIMIT THE LOCATION IN LAKES.
Other shapes could be used, depending upon unusual site requirements. '"Shore-

hugging" plumes should be avoided.

An accepted fact is that the plume will not conform exactly to

arbitrary configurations but within scme portion of that configuration

mixing to quaiity as good as receiving water standards must occur. |t

is true *that water currents may cause the plume to bend different directions
on different days, but the intent is to require that the plume zuality

be as good as receiving water standards by the tine the boundary is
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reached. It is obvious Then that the practice of calling the plume a
mixing zone is prohibited. Indeed, some sites may require Jiffusers or
other devices to meet the requirements. For future discharges, these

|imitations may force site selection considerations and if so=--everyone

will gain.
NOT APPLICABLE
(c) /Marine Water Mixing Zones.

(1) introduction.

General recommendations are presented fo aid in defining
mixing zones for heated water discharge intfo estuarine and coastal
waters. New sites should be selected to permit effective cmployment of
a near bottom diffuser discharge. This is recommended to optimize the
dissipation of heat by vertical diffusion through the water column and
minimize the surface area impacted by excessive temperature. Considerations
of location, configuration and max mum size are outlined *for single
mixing zones. |n summary, specific recommendations for marine mixing
zones include: ’

(A) Location at sites with good flushing characteristics
and a bottom community of minimal ecological importance.

(8) Siting which will not result in thermal addition to
the intertidal zone.

(C) Diccharge at depth sufficient 70 pe-mit good sub-
surface dilution of the heated effluent without excessive impact To the
bottom nor excessive loss of cross-sectional water column area for

pelagic and planktonic [ife.
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(D) Maximum width of the mixing zone at slack water not
exceeding ten-percent of the shore-to-shore distance of a waterway nor
of the cross-sectional area of a waterway.

Final delineation of a mixing zone must take into consideration
other mixing zones as well as pekfinenf socio=-economic factors, which
are highly site specific. These guidelines must be supplemented by
careful consideraticn of such factors. Twc cases in point are (a) local
water quality cenditions and (b) mixing zon2s, thermal or non-thermal
and existing or potential. Factors such as these can greatly influence
permissible size and location of a new thermal mixing zone. However,
guidelines to weight these factors have not yet been developed for the

marine environment.

(2) Location Guidelines.

(A) Mixing zones shbuid not impinge over five percent of
the time on shallow shoreline waters subject to appreciable natural
summer atmospheric heating which normally experience wide fidal or
diurnal fluctuations in temperature. Maintznance of normal temperature
fluctuations, both in amplitude and frequercy, is imperative for protection
of the indigenous shallow water and intertidal community. Shallow water
is defined for this purpose as the exfreme low water line minus three
feet for sites having a maximum shoreline current in excess of 0.5
knots; or as extreme low water minus six fcet at sites having less

shorel ine curraent.
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(8) Sites having good flushing characteristics are

preferable.

(C) Sites having a dense, wel |-developed hoitom community

are not desirable.

(C) Open coactal waters are more preferable for mixing
sones than the esfuary due fo The latter's dominant role 3as a plankfon
dependent nursery ground.

(E) Sites bordered by a narrow intfertidal zone are
preferable; sites bordered by wide intertidal flats or marshes are
undesirable due fo the pofential adverse influence of a heated discharge

on these shallow, hignly preductive habitats.

(3) Size and Configuration Guidelines.

(A) The slack water maximum dimension of any mixing zone
should not exceed ten percent of the respective shore-tc-shore dimension
of a waterway, nor occupy over ten percent of its cross-sectional area.
A 90 percent zone of passage should be maintained for the passive flow
of planktonic alcae, zoop lankton and developmental stages of inverfebrafes
and fishes and for the active passage of highly motile forms such as
fishes and crustacea.

(8) The cross-sectional area devoted tc a mixing zone
should be minimized. Biologically, loss of surface ar=a can be as
important as volume consideration in the marine envirorment. AT well-
selected new sives, near-boftom diffuser discharge shou:id be at 2 depth

which would not only meet receiving water criteria at the surface



out which also results in a mixin: zone without excessive herizontal

dimensicns.- -

(4) Multipte Mixing Zone Considera+tions.

The maximum number of mixing zones that are ecologicaltly
permissible, existing or sotenticl, in a single estuary or adjacent cpen
coastal strand is dependent on variatiors in hydrography, geograohy and
local thermal anc biotic charact ristics. Thus, the guestion can only
be resolved on a case-by-case ba:is, and mnalysis of the total thermal
load on the secment may be apporo riate. (See Chapter 1K.) The characteristics
enumerated in paragraph (2) resgarding preferable mixing zone location
also pertain to the question of rultiple mixing zones. wWhere site
conditions are highly favorable, multiple mixing zones may be considerad.
A potentially preferable site coild be a coastal strand which does no+t
receive estuarine waters. Long-shore migration of fishes, the nature of
the bottom community and other factors would have to be taken into
consideration as well. |In contfrast, within smal! estuaries, multiple
power plant siting may be precluded entirely by the increased adverse
impact on plankvonic life caused by cooling water pumping of an addifioﬁal
plant or by other thermal or non-therma! mixing zones, existing or

proposed.
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THERMAL LOAD ANALYSES

Intreduction

For 316(a) evaluations, the major emphasis is on developing infor-
mation to support a determination as to the assurance of the protection_
and propagation of the balanced indigenous community (Chapters [V=VIi)
and the determination of an allowable mixing zone based on biological
considerations (Chapter VIIIl). While the "mixing zone'" approach may
constitute the primary méans of evaluating thermal discharges in specific
cases, at times an additional calculation of the total thermal load on
the receiving water body segment is needed. Such a calculation should
be made whenever there is indication that the effect of one or more
thermal discharges discharging during critical hydrological (low flow),
meteorological or biological conditions may cause critical temperature
conditions in the segment.

Basically the approach in thermal load analyses is to measure total
heat contribution from all discharges entering a water body, determining
the volume and/or surface area of the receiving water under consideration,
and compare the possible physical changes in the receiving water with
pertinent water quality standards and criteria (temperature, temperature
change, BTU's, etfc.) or other temperature requirements determined as a
part of the 3i6(a) process. The need for total thermal load calculation
should be especially considered in the case of new sources fto be located
near existing facilities or the reservation of therma! load allocations

to future discharges tc certain receiving waters.
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The following outline addresses several points fto consider:
(N When is the load analysis reguired?

A. When there are occurring or suspected violations to water
qual ity standards and/or criteria relating fo temperature (including
standards which are in existence and any changes to them which have been
proposed by the State or which the Regional Administrator has requested
the State to adopt) during critical conditions (low flow, adverse mefeorology,
intense local biological activity [e.g., spawning season], peak output
of plant, etc.); or

B. When there are several thermal discharges in close proximity
or where future growth plans indicate the installation of several new
facilities (power plants, steel mills, etc.); or

C. Where thermally loaded waters are specifically identified
under Section 303(d)(1)(B) and (D) of P.L. 92-500.

I'l. When is the load analysis sufficient?

A. When the analysis has identified the probable compliance
with or violations of water gquality standards and criferia relating to
temperature (whether such standards are in existence, proposed by the
State or requested of the State by the Regional Administrator) for daily
variations of plant operation or receiving water conditions, various
seasons, extremes of low flow and weather, etc.; and

B. When the analysis provides sufficient detail regarding the
control strategy(ies) which are needed (i.e., the rate of heat rejection
limits [e.g., in BTU/hr.] allocated to each discharger under consideration);

and
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C. |f models are used for the analysis, when The 3accuracy of
+hese models is firmly establiched. Therefore, specific accuracy levelis
tor the model being used in a particular case shou!d be reported by The
applicant (temperature, heat load, efc.).

I11. Informa*tion to be obtained by Tthe applicant.

A. See Chapter VII "Engineering & Hydrologic Ipformation."”
8. |f the applicant is the only significant +herinal! discharger
on the receiving stream where violations are suspected, ne will bear the

burden of supplying cata for the entire study (both near and far field).

C. |f there are several dischargers within the study area,
each discharger is responsible for data col lection in his inmediafe
area.

|. All dischargers in The study area should collect data
useful for the specific model being used.

2. The Regionar-Adm%w%s#ra?or-er-&#a#e Diirector may be
responsible for requesting data collection by dischargers other than the
applicant, for organizing all data and for conducting the overall load
allocation study. Exceptions include:

a. |f one facility is discharging near:y all the
heat, it should carry t+he burden of the study.
b. Joint studies by major heat dischargers should be

conducted.
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IV. Information to be supplied by the Regional Administrater or

State- Yo+ -Rrogram Lirec*or.

A. Apoiicable water quality stancards and/or criteria relating
to temperature, including standards which are in existence ancd any
changes to them which have been proposed by *the State or which The
Regional Administi-atcr has requested the State to adopft.

B. Where there are multiple dischargers, it may be necsssary
for the Regional Administrator (or Oirector) to conduct The overall loac
analysis (far field).

V. Procedures.

Thermal load analyses reqguire the use of acceptable analytical
methods and technigues. Several methods are illusfrated in the fschnical
literature and range from those using very simplified ftechniques of low
level accuracy to others which incorporate complex computer programs.
Therefore, prior to commencing its analysis the applicant should submit
information ¢n the methodology to be employed; provide justification for
its selection and use, and obtain the written concurrence of the Regiomnatr

AdmiH strateor-or-Directors in the proposed methodology.
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X

Community Studies

(a) Introduction L

This chapter identifies community studies which may be appropriate
in any 316(a) demonstration. In particular, the applicant may submit
results of such studies as a substitute for certain information items of
a Type 2 demonstration (see Chapter IV, paragraphs (c)(5)(B) and (d)(5),

TO SATISFY THE DIRECTOR'S
above) or as a supplement to any demcnstration; or +he- Regiona t -Admin=-
JFOR

_istrator- {er Director}» may requesit/such studies as a supplemental informatiun
item.

For purposes of Section 316(a), comrnunity studies for the groups,

primary producers, zooplankton, and macroinvertebrates, are appropriate.

These studies focus on parameters which are indicative of an array of
species within a biotic category. They seek, therefore to relate the
effects of a discharge or proposed discharge to the community of organisms
of a giVen biotic category, rather than to individual species in that
category.
Studies described herein are neither exhaustive nor all-inclusive.
The Regionral Admiristrater {er Director} may expand or delete listed
informational items as sife—specffic conditions may warrant. For greater
detail the following references may be consulted:
(1) Biological field and lahoraiory methods for measuring
the quality of surface waters and effluents, C. I.
Weber (ed.). National Environmental Research Center,
Office of Research and Development, U. S. EPA, Cincinnati,

Ohio (1973).
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(2) . American Nuclear Scciety Standards 18.4: Guidelines for
: (THIS DOCUMENT IS
aquatic ecolegical surveys for nuclear power p[@nfs/énear

s

completion).

(b) Data Collection

(1) General. The informational items described below are some of
the possible community studies which can be undertaken. Collection of
data during all four seasons is preferable; however, the Regionalk Admin—
rstrator {or-Director} may determine that less information is adequate
for a particuler study. The taxonomic level to which organisms are
identified depends on needs, experience, and available resources. This
tevel should be determined and kept constant in each major group for the
whole study. For existing plants semples should be collected within the
discharge zone, just outside the diccharge zone, and at a comparison
OR REMOTE FROM
site upstream ot/ the plant, if apprcpriate, or in a nearby similar
waterway unaffected by thermal discharge. Where baseline data exist,
comparison mey instead be based on conditions at the discharge site
(within and just outside the discharge zone) before and after the becinning
BUT IN ANY CASE REFERENCE STATIONS SHOULD BE INCLUDED.
of plant operation:/ Comparisions should be based on samples taken from
AND BASES ‘
similar habitats and bases and l|imits of comparability/should be stated.
For new plants samples shou®d be collected from the proposed discharge
zone. Comparisions will necessarily be predictive in nature. These

will be discussed in greater detail below (see paragraph (c)(2)). Where

field studies are carried out, sample replication should be adeauate +*o
L, -
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determine the precision of the data generated and to conduct appropriate

statistical tests.

For some of the parameters enumera%ed ﬁelow, when Téken alone, it
is cifficult to interpret whether & community is imbalanced and under
sftress, or not. Yet, when taken as an aggrejate, they mav prove useful
in evaluating the degree of similarity between a community receiving é
thermal discharge and the community at a comparable site which is not
receiving heat.

(2) Primary producers

(A) Phytoplankton

(i) quantitative measure of taxonomic composition
(ii) species diversity (including equitabi!lity)
(iii) total cell counts
(iv) standing crop biomass (mg/!)
(v) chlorophyll content
(vi) product vity

(8) Pariphyton
(i) quanti*ative measure of taxonomic composition
(ii) standing crop biomass
(iii) chlor?phyll centent

(iv) productivity
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(C) Macrophyton and macroalcae

(i) quantitative measure of taxonomic composition
(ii) standing crop biomass & -
viii) chlorophy!l! content

(iv) productivity

(3) Zooplankton
(A) gquentitative reasure of taxonomic composition
(B) species diversity (including equitatilityd | SEE REFERENCE
CITED, (a) (1))

(C) standing crop biomass

(4) Macroinvertebrates

(A) quantitative measure of taxonomic composition
(B) species diversity (including equitability)
(C) standing crop biomass

(D) benthic community respiration

NOT APPLICABLE

(5)/’Fouling or boring communities. For marine weaters studies of

fouling or boring communities may be conducted by maintaining
panelc at several stations distributed throughout the discha;ge
zone, just outside the discharge zone and at a comparison site
or through before and after comparisons at the discharge site
(see paragraph (b)(1), above). Sets of panels should be
susperded horizontally fo collect benthic components as well

as being placed vertically. The resulting fouling or boring
communities may indicate consequences of thermal addition for

the irdigenous community. Such consequences may include
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compé{ITive exclusion due to the flourishing of heat-folerant
and nuisance species, failure of larval seftlement of certain

species, and economic loss due to fouling or boring.

(c) Data Evaluation.

The data called for in paragraph (b) above, should in each case, be

accompanied by a rationale stating tow the information presented suggests

the assurance of the protection and propagation of a balanced

indigenous community.

1)

For existing cources the rationale should include a com-

parison of affected vs. unaffected communities using standard
statistical analysis. 1t should be noted that a statistically
significant difference in any community parameter does not
necessarily indicate defriment and also that lack of such a
difference does not insure protection; scientific judgment
should prevail since no hard and fast decision rule is available
given the present state of the art. Where a sotentially

adverse statistically significant difference beiween an affected
and unaffected area is found (e.g., a large decrsase in

either the total number of species present or the diversity
index, the applicant should present an estimation of the
physical area covered by this difference and an explanation

why this difference does not suggest a failure To assure

the protection and propagation of a balanced, indigenous

community.
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(2) For new sources, comparisons will necescarily be predictive.
In such cases the data called for in ;Zragraph (b) should
serve as a baseline to the predictive comparisons described
below. BSecause these methods are predictive and therefore
less precise analytical tools, any assumctions which are
made should be clearly defined. Predictive comparisons

include:

(A Predictive modeling of biological response to a thermal

discharge, using a specific ecological model developed
for that purpose. Verificatior should be carried out
using data from a comparable existing source, making

the assumptions necessary to do so. Bases and limits

of comparability and their effects upon modeling results

srouid be explained.

(B) Extrapolation of future community effects using community

dava from a well studied existing thermal discharge
which is comparable to the proposed discharge.
Features of comparability include similar geomerpholegy,
subsitrate type, environmental ﬁegime, hydrography, water
quality, latifude and cischarge size and design, or

. existence of a highly similar biological community. It is

reccgnized that a comparable site may not exist in a majority

of zases.



For preditt ive modeltingy -tte- rationa t'e'cshoa k- 4 ne hude- A -~¢iscassion-
of-the vat rdity-of ~+he-modet ; et ad Fg- the ver tEicat rorr orocedure;
&N< -3 -Show bng of - kong=term {¢G.,-0ORE OF-TAre- yearsJd. systen.stability..
For .extrapclatden -from-othes -ComMdA FEiesy -the- Fationate show rd -ine bude-
a discussion of-Fhe comparab+ Fity-of the- st ed -side-and- Tke
proposed- d tscherge —<ite; and-shouid-alsc- mclude -an exp Fenet rom why
“+he-existing discharge-ts coneistent with-the protection and -propegation

of- a -baianced,” indirgenous commumrity :
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APPENDIX A

Biological Value System for Establishing
Mixing Zones

This appendix sets forth a proposed system for establishing fresh
water mixing zones based on allocation of the biological value of the
receiving waters. -Use of -the-system-is optimal-

(a) Delineation of Biotic Zones.

The total area allocated to mixing zones can be more easily and
accurately allocated than can arcas for individual ones. This is so
because the error, if any, is distributed proportionately to each
mixing zone and the decision considers the pdtentialicombined effects of
all discharges. This must be done by competvent staff but only needs to
be decided once.

The mixing zme discussion in Chapter VIII identifies certain biotic
zones (e.g., shcre zone) that are more important than other; and are
related to water dapth. Depth than can be used as a convenient tool
to delineate the various zones.

The light intensity at which oxyren production in photosynthesis
and oxygen consumption by respir-.ilon of the plants concerned are equal,
is known as the compensation point, and the depth at which the compensa-
tion point occurs is called the conmpensation Jdepth. This depth will vary,
of course, in any scgment and is dependent upon season, time of day,
cloudiness of the sky, condition of thc water (turbidity), and other
factors. An approximate determination of the compensation depth as
the mecans of dirferentiating the chiallow and deep water zones is simpler
thun conducting a thorough bioloiiicil characterization.. If such a
characterization, based on the various biological populations, is

available in adequate detail, it srould be used but if not, the following
can be substituted.

In general, the compensation depth is that depth at which light
intensity is about 1 per cent or full sunlignht intensity. This depth
should be determined using photome'ric techniques and measurements should
be obtained with a frequency capab e of establishing the average condition.
As an alternative, Secchi disk rea: ings represent the zone of light
penetraticn down to about 5 per cert of the solar radiation reaching the
surface and a Jdepth 3 - U times the Secchi disk depth is a good approxima-
tion of the compensation depth. Either technique should suffice and there

are usually more data available on Secchi disk readings than photometric
measurements.

[1-82



The une of lirht aticn to dictinguicsh the challow nnd deep

"
) o
water zones chcull be an acceptable means of delin-tinrs the roav 0 lucs-

)
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i3}

ive and biologicully shallow watcer zone and the de:per, tens critry~yl
(and, therc v, i-:c sensitive) zones. Stratifiecd witer {n woioen, Juring
SUMMCT [ONTIL, 20w, nd sa. o e oeatriotoed, o L L ten, e e,

to the dnreper, hynolimnetic waters, cuannot be cirlerentiaied oo ooy

-~ A
since the deeper, cocler water 1. critical to the continued peoconce ot
these valued species. Once the compensaticn derth nas bocn uctiormined,
a depth contour is used to calculate the surlace area ot each =onec.

(b) Biological Value.

Since some biotic zones are more important than others, mixing zones
should be located in the less important ones or in those that are larger
in area. A relative biological value for the various zones is needed in
order to allocate portions of each zone for mixing.

To be sure, this biological valuation cannot be strictly objective
but nmust utilize ore? } )

M , Xpert opinion 0! bicio.;igts le..iliur
with the local situzsicn. icn.y valued trout waters I two-tioery luikes
or areas inhzoitel by cmdza~ore  spenies can be given onoialinite valuc
and no mixing zcones z2licwea ia Lhose wrezs. Biclomical value cnn U
based cn the soocics aiversity i the zones and the valus mnde projortion:s
to the ratio ¢f specioc cdiversily in various Zones. id

i
channcls of
both can be gi
possible Lo use on

more inoeriont thirn Lol

D.O. In lacro
jutel it mey te

T OLu LoD Rucwhn Lo be
~Ar~nd - v ovalue - e Lot

3207 Znd Tone. Ao value Q- cn 0T a QL0 Ll
imrortont zcno couid te given rastead of a vaiuc of Lwo as 10 the
precoua.ng Sllanticn,

Waere data are inadeg

[ &4

i

or devv waters, devoid ol
uo.

vnluer--a value of two [

O

Occasions will arize when ther: is ncet a competent data base upon
which to establish biological value. In such cases, one may assume the
biological value to be the same for both areas. (i.e., the value of a
unit area is inversely proportional to the total area in each zone).
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Assigrment of total biological value is important because it defines
upper limits on the amount of each biotic zone that may be used for mix-
ing. This assignment offers dischargers a chance to select better sites
for installation and allows the-Ragigral- Administrator- {er Director)-to
encourage dischargers to locate in the areas least likely to be damaged.

The biological value ''weighs' the various zones, thus allowing the
same percent of the value of each (but not area) to be used for mixing.
without stressing one zone more than another.

(¢) Level of Protection (Degree of Risk).

What percent of total biological value, then, should be used? Conditions
necessary for all life history processes mey not 2e provided in mixing
zones. When an excessively large percent of a segment is made up of
mixing zones, the population of some species will decline and an unpredict-
able chain of events may ensue. Furthermore, estimates of an acceptable
percent of an aquatic environment that can be allocated to mixing zones
must be conservative, since predictive capabilities are uncertain.

Determination of the amount of a segment's biological value to be
allocated to mixing zones is based on a variety of criteria, including
type of water body, water velocity, depth, the nuzber and type of habitats,
migration patterns, and the nature of the local food chain. Level of
productivity, water temperature, ability of tributary waters to provide
recruitment, human value (azesthetic, commercial and sport fishing,

recreational), endangered species, and other criteria must all be
considered.

It is acknowledged that any estimate of the amount of area assigned
to mixing zones, trat will not have an unacceptable effect on a water
segment, must be based on expert opinion. However, it is apparent that
there are varying Jegrees of protection desired or required for different
water bodies or in different word:s, the acceptable risk differs with
location. Consequently, degree: of protection are recommended: Maximum
lcvel of protecticn for unique or fragile environments; low level of
protection for tn: less wvaluable environment or an environment most
capable ot withstanding insults; und a moderate level of protection
intermediate between the *wo. The per cent of biological value to be
consipned to mixing zones could be one per cent for max.mum protection
and ten percent ror a low level of protecticn with specific values
from one to ten being selected !or intermediate protection.
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(@) Allocaticn Alternatives.

(1) The final step is not a biological one, but an administrative
process of allocation to present and to future dischargers. This
decision cannot be universal. However, there are several considerations
that should be given attention when making this decision. Available
projections on future municipal-industrial growth can be eva'uated to
estimate the potential future need for mixing zones. The planned
plant closures due to obsolescence, etc. should be known. Also, same
classes of industry are utilizing production or waste treatment tech-
nology based on more efficient use of surface waters (e.g.. closed-
cycle cooling, water reclamation and re-use).

Basically, the determination of specific mixing zone gsizes is a
process of allocation of which there are several options:

A All mixing zones the same size.
Advantages--simple, direct ani easy to calculate.

Disadvantages--lurre volume discharges would require
a much greater lovel of treatment than would small
volume discharges. Allows small volume dischargers

to discharge relatively large quantities of persistent
pollutants.

(B) Each discharger in a general class of discharges (paper
mills, metal finishing, municipal waste, power plant) is given the

same size mixing zone, but different classes are glven different
sizes.

‘Advantages--simpie and direct, could better allow
for general diffcrcnces in volume of d:scharge, could
take into account general persistence or toxicity of
different classes of discharges.

Disadvantages--there is a rather large variation in
discharge volumec: in any given class. Penalizes large
plants and favor:s small ones.

© Mixing zone directly proportional to the volume of the

the discharpge (e.g., for each wnit volume the mixing zone would
be a unit area).

Advantages--calculation simplified, superficially
fair to all dischargers.

Disadvantagcs--encourages dilution pumping to obtain
a larger zonc.
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(D) Mixing zone propcrtional to some monotonic increasing
function of the discharge “olime, that has a finite upper bound.
Advantazes--in contrast to '""(C)" would discourage dilution
pumping and would not unduly favor large volume discharges.

(E) Mixirg zone apporticnment based cn toxic units that
consider toxicity and volume of waste.

Thic approach has a:. a basis the actual cause for concern--
hazard to aquatic life. 1.s chief disadventage lies in the probable
frequent need for toxicity tests before decisions can be made.

(2) Examnle.

To illustrate how these sugg stions might be employed to establish
mixing zone sizes and placement, ccnsider the following general example.

Assume that on the basis ci tne foregoing considerations a water
segment has beenr divided into m zor= types, with knownareas (A, Ay, *e-
Am) and correspondingly assigned rr lative biological values (BVy, BV, +«-
BVm). Also, assume that there are presently n dischargers on the segment
with relative flow rates of (g1, Q;, ***, Qu). From this information,

we must establish a policy for mixing zones for the present and any future
dischargers on this segment.

Several decisions of critical impgrtarce must be made before we
may proceed. The level of protection 1% <p<l0%and the fraction of
biological value 0<0Qg<1l alloted to present dischargers must be chosen.
Also, an allocation scheme to divide the deemed expendable biological
value among dischargers must be decided.

Given these factors, we proceced as follows:

(A) The total biological value of the segment is calculated by taking the
sum of the biolcgical value for eah zone so that

3V = BV, + BV, + - + + BVm
[

(B) The total amount of biolegica value deemed expendable for present
and futurc mixing zones is calcula .ed to be

PBY

(C) The amount of biological valu: allocated to present dischargers is
thus

OpBV
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(D) Toe traction cf this to pe a'located to an individual discharger

{6 +n ce made proportional to som: a3 yet unspecified function £(Q)
of a discharger's flow rate. Thus, if we define

n = £(Q;) + £(Q) + =<+ + f(Qn)

+¥. amnunt of biological value to be given to a discharger with flow
et On iB

Uy = QpBV £(Qx)
Sn

(E) The only task remaining in order to explicitly define Ug is to
give £(Q) a specific form.

The choice of f£(Q) is dependent upon the goals desired in a segnent
and +huc is not unique, but should as a minimum be monotor.ically increas-

ing and have & finite upper bound. One such function that meets these
criteria is

£(Qk) = _ (k
Qk + Q (W-1)

where T = (Q + Q + ** + Qn)/n is the average flow rate and 1l<WKk= is the
ratio of the biological value that would be allocated to 2 theoretical
discharger with an infinite flow rate to that allocated to a discharger
with flow rate Q. The larger W is, the more biological value is alloted
to large dischargers. 1f W=1, then all dischargers would receive the
same number of biological units independent of their flow rates. If W==,
then each discharger would receive an amount that is in the same propor-
tion as the flow rate. (See figure 2)

A compromise between these two extremes would be to linearly
interpolate to find a half-way point. Since one value is infinite,
the interpolation would have to Le done on a reciprical scale, thus
interpolating half way between the reciprocals we have, that

1/1= 1, 1l/== 0 halfway is 1/2 =1/ or W =2,
Using W=2, our function £(Qkx) has the simple form

f(Qx) = ___
QJ(+6

and the allocation formula in this instance may be expresscd as

U = _OpBV0k
Sn(Qx + Q)
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(F) Once Uy i{s specified, it is up to the iadividual discharger to

choose his own mixing zone as he sees fit, subject only to the constraints
that it is circular irn form and ccntains no more than his allocated number
of biological units. In order to rrotect the very shallow shore areas

and give the discharger incentive to discharge into deeper water, any

land in thedischarger's chosen circle can e given the same biological
value as the water zone in his circle with greatest biological value.

If the mixing zone circle is contained totally in one type cf
zone, then the radius r,, of a circle in the Jth zone allocated to a
discharger of flow rate Qg is

Yo Uk A
Jk b B\'%

If a mixing zone it in more than one zone type, the radius of the circle
must be obtained by trial and error, where a radius is specified and the
pumber of biological units in the circle is computed to bte:

AyBVg+ Ay (BV, + +oe + AmkBVn

Al A, Am

where Ajk is the area of the circle in the jth zone given to the kth
discharger. The radius is then adjusted until the computed biological
units are equal to the allotted number of biological units.

Present dischargers are free to obtain a mixing zone according to
this formula and future discharger: can be issued p2rmits on the same
basis, until the total number of allocated biological units are exhausted.

In additioa, it should be noted that by using this proc%gure, it is
possible to utilize a proportion pBV/BV, of the area of the } zone type
for mixing zones. Thus, an upper bound for each type zone might also te
established that would limit the total area that could be taken for any.

one type of zone by not issuing any permits in that type of zone, once
this upper limit was met.

As a gulde to following these concepts, consider the following
concrete numerical example.

A segnent, shown in ligire 1, is divided into two zones on
the basis of a compensation point which occurs at a X0-meter depth.
The areas (Al, Ay, m = 2) and corresponding relative biological values
(BVy, BV,) of cach zone are specified and the total biological value
computed as indicated in Figurce 1. We shall alsc assume that we have
three (n=3) dicchargers on the segment with relative flow rates shown

in Table 1. Choosing (p = .02, 0 = .5, W = 2) we obtain the allocation
formula

Uk = ,02182 Qk
&k + 3
and the allocation of biological units also indicated in Table 1.
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< ea i dividual with relative flow rate 0f 9 was to have his circle

4

anorat fLa she rirst zone, nis r.dius would be

o r= | (.021E2% (35} = ,3019
(9+3) (=)(2)

iridual with relative flow rate of .5 units, all in zone 2, would
dius af size

r= ] (.02182)(.5)(25) = 2792
(.o+2) (1)
~

-~ - -~
JONRTiuston
et i e em—————

In essence, the approach in these guidelines focuses on the need
tc concider the collective effects of all discharges to the cegment or
“zrge portion of the segment. The quidelines identify critical overall
ronsidzrations and suggest decisional alternatives. They discuss allo-
cation of the total acceptable mixing zone area among present and future
disrharges.

The Regional-AdmiHstrator-tor Director) can employ the decision-
making process of these guidelines and still use available local expertise
and common sense. Thus, the determinations will be visibly rational and
consistent among discharges; at the same time each decision will be
tailored to the local situation.
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Table 1.

Numericul Example

k Qx e (Qk) = ¢ Tk = (L5X.02X3)f(Qk) = .02182f(Qk)
: Ok+2 1375
—

1 1 .25 .0054 5

s b3 .50 .01091
[

3 i z .625 .0136L

P i 9 1.375 .03

A= (1 +3+5)/3=23

en

.25 + .5 + .625 =

1.375
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Accepiable torperaturd

APPENDIX B

FRESH WATER TEMPERATURE CRITERIA

Tiatoe dn frooh owater curids

year are:
a. A maximun vochly averegn vemperatie tha!
1. JIn receiving wators Juring oo warnes months (;pgtﬁﬁiﬁutaly

April throuph

is one-third of

the ultimate upper innipient

ad

impcrtie

location at that tiue (see Table

2.

mid=-October to mid=ipvil

corresponds to the appropriate ampient teaporatuie i

Figure 1. Thi
to which the £

temperature.

3.

September-October in the North and March-Iay

South) mects €
spawning, ¢gg
of

important s

or

species diwversti

and b.

as developed o

nt species (or appropriate

s
L.

.
[

Ny

Octobor in the horth and Mool through Movember in tre Soull)

the runge betwvoon the opidiwm tempe cature for guovwth and

istpal temperature for the wost covnitine

life stage) that is wormally fovnd ot the

1

).

In the heated plume during the eooler montlhis (Spprotinital
in the Morth and Locomber to Tebruavy in the Gruth)

8

P P N
Uit sl mca bl Al

s should protect apainst .02t fish mortality when the temperaturc

ish are exposed in the plum? rapidly drops tiie ambicnt

b
(SR

1n some arcas this limit mav also be applicable in tho suiea:r.

During reproducticn se&sons (gencrally April-June and

and October-llovenber in the

o

{1

N
>

pecific site requlrements for sucaes

1

incubation, fry rearing, and other reproductiv

pecias as presented in Table 2.

in part

AL a specific wito is faimd necessary Lo presaernve novmal

ty or provaent undesirab. ¢ 1ot of nuLsan

e OV e .
maxinum Lceuperaturcs sfur @ aoriomLOr CXponures AL oany senson
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-~ 1 . oy oo - YRR : N . ~ . . .
AR TN SRR reen2oUivel ] arc sneeye pLodlid SL0pT, whicl ave charactoeristics
. . N - RN CEREN c ey [N . B v N . - " e~ ! ;
Al Crelonccelicetion Tompooatdre It spoelies (sce Jater detailed discussion)

Durire the coavming scason Lols liaic,.tion, whish was designea to proevent
juvenile aud odult fiol wortality, would not be adenuately protective of vepro-
cuoeticn., Cemacguently, tils limi"atimﬁ will Le suncrsaded by short-termz maximun
temporatures based on macimum successiul spawvning and egy Lfucubation temperatures. |
Loce! reouairements for repvoduction should superscle &ll other require-
ments when they ave applicable. Detailed ecological analysis of both natural
and man-modificd aguatic environments is necessary Lo ascertain when these
regquirements sbould apply.
Available dzta o temperaturc requirements ‘or growth and reproductilon,
lethal limits for various acclimation temperature levels, and various

tempervature~rclated characteristics of many of the more important freshwater

fish species are included in Appendix A.

Rationale (Temperature):

Living organisums do not respond to the quantity of heat but instead,
to degrees of temperature or to temperature changes caused by transfer of
heat. Organisms have upper and lower thermal tolerance limits, optimum
temperatures for gvowth, preferred tomperatures in thermal gradients, and
temperature Llimitarions for migration, spiwning and egg jncubation.
Temperature also affects the physical env ronment of the aquatic medium
(e.g., viscosity, Jegrce of ice cover, an. oxygen capacity); thererore,
the composition of equatic communitics depends largely on temperature
characteristics of the environuent.

Because tcmperature changes may atfect the composition of an aquatic

community, an induced change in the Lhermal characteristics of an ecosysten
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mas bo doetrin st On Liwe other heod, astercd tiemal chornotoeristics
Wies Voo hened Lo T o Cueicteeedd in o of thie e fish Tsichovy proceices
Aud ol othey acoeoabiurad baeid P Ten. Thie poneral dltiticuty in develaping
suitobic ceriteris for towporiiure (vhich would timit the addizion of heot)

is to deterwin, Lhe deviation [rom "hatueel” Lewrerature a porticular body

of weter can erxpericace without adverscly affecting lts desived biota.

Whatoever requircments arc suggested, natural diurnal and scasonal cycles

must be retained, annual spring and fall changes in temperature must be

gradual, and large unnatural day-to-day f{luctuations should be avoided. In
view of the many variables, it scems ohvious that no single temperature

risc limitaticn can be applicd unifermly to continental or large regional arcas;
the requirements must be clesely related to each body of water and to its
particular community of ovesenisms, especlally the diportant species fouad

in it. These should include invertebrates, plankton, or other plant and

animel 1life that may be of importance to food chains or otherwise interact

with species of direct interest tO man. Since thermal cequirements of

various species ciffer, the social choice of the spccies to be protected

allows for different "levels of protection' among water todies. Although-

such decisions clearly transcond the scientific judgments nceded in

establishing thermal criteria for protecting selected species, biologists

can aid in making these dccisions. Some measures useful in assigning levels

of "importance" to species are: (1) bigh yield or desirability to cemmercial
or sport ficheries, (2) large biomass in the existing ccosystem (if desirablce),
(3) important links in food chains of other specics judged lmportant for

1"t

other reasons, and (4) "endangzered' or unique status. If it is degirable to

attempt strict preservation o an exicting ccouyatom, then the mest scusitlve

specics or life staga may dictate the criteria selected.
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Criteria for making recormandatlons {or water temporature to
desir=ble wguatic lifa cannot be siwply A maximre alloved choned frem natural

N

tempevatures., This Is princirclly Secause a change of cven one dogree

Tyeon
an amvient temperatura has varying significance for an organisa, depending
upon wiere the ambient level lies withia the tolerance range. In addition,
historic temperature records or, alternatively, the existing arbicat
temperature prior to any thermal alterations by man are not always reliablc
indicators of desirable conditions for aguatic populations. tultiple
developments of water resources alsc change water temperatures both upward (z.g.,
upstream power plants or shalleow reservoirs) and downward (e.g., deenwatce
releases for large reservoirs) so that ambient and natural temperatures at a
given point can best be defined only on a statistical basis. Criteria for
temperature should coisider both the multiple thermal requirements of aquatic
species and requirements for balanced communitics. The nuwmber of distinct
requirements and the necessary values for each require periodic reexamination
as knowledge of thermal effects on aquatic species and communities increases.
Currently definable requirements include:

* Maximum sustained temperatures that are consistent with maintaining
desirable levels of productivity (growth minus wmortality);

* Maximum levels of thermal acclimation that will permit return to
ambient winter temperatures should artificial sources of heat cecasc;

+ Temperature limitations for survival of brief{ exposures to
temperature extremes, both upper and lower;

+ Restricted temperature ranges {or various stages of reproduction,
including (for fish) gonad growth and gamote maturation, spawning wmigration,

release of gametes, development of the embryo and larva, commencewment of
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independent feeding (and other activities) by juveniles; and temperatures
required fégymetamorphosis, cmergence, and other activities of lower forms;

. Thermal limits for diverse compositions of species of aquatic
communities, particularly where reduction in diversity creates nuisance growths
of certain organishs, or wherc important food sources OT chains are altevad:

. Thermal requircments of downstream aquatic life whare upstrcam warming
of cold water sources will alversely affect downstream temperature requirements.

Thermal criteria must also be formulated with knowledge of how man
alters temperatures, the hydrodynamics of the changes, and how the biota can
reasonably be expected to interact with the thermal regimes produced. It is
not sufficient, for example, to define only the thermal criteria for sustained
production of a species in cpen waters, because large nutbers of organisms
may also be exposed to thermal changes by being pumped through the condensers
and mixing zone of a power plant. Design engineers need particularly to
know the biological limitations to their design options in such instances.
Considerations such as impingement of fish upon intake screens, mechanical
or chemical damage to zooplankton in condensers, or effects oF.altered
current patterns on bottom fauna in a discharge area may reveal noq—thermal
impacts of cooling processes that may outweigh temperature effects. The
environmental situations of aquatic crganisms (e.g., where they are, when
they are there, in what numbers) must also be understood. Thermal criteria
for migratory species should be applied to a certain area only when the
species is actually there. Although thermal effects of power stations are
currently of greater interest, other less dramatic causes of temperature
change including deforestation, stream channelization, and impoundment of

flowing water must be recognized.
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6
Available data for temperature reguirements for growth and reproduction,
lethal liwmits for various acclimatijon tempevratu ¢ levals, cnd varicus
temperature-relatad characteristics of many of he more deairable ficohwater
fish species are included in the Appondix, Genoral temperature critozia for

these species are summarized in Tables 1 and 2.

Terminology Dofined

Some basic thermzl response of acuatic orginisms will be referred to
repeatedly and are defined and reviewcd briefly here. Effects of heat on
organisms and aquatic conmunities have been reviecwed perindically (e.g.,

1, 2, 3, 4, 5, 6). Scme effects have bheen analyzed in the context of thermal
modification by power plants (7, 8, 9, 10, 11). Bibliographic informaticn
is available in various publications (12, 13, 14, 15, 16, 17).

The thermal tolerance range is adjdsted upward by acclimation to warmer
water and downward by cooler water, although there is a limit to such
accommodation. The lower end of the range usually is at zero degreccs
centigrade (32° TF) for species in temperate latitudes (somecwhat less for
saline waters), while the upper end terminates in an ''ultimate incipient lethal
temperature' (18). This ultimate threshold temperature represents the
"breaking point" between the highest temperatures to which an animal can be
acclimated and the lowest of the temperatures that will kill the warm-
acclimated organism.

At the temperatures above and below the upper and lower incipient
lethal temperatures, survival depends not ouly on the absolute temperature
but also cn the duration of exposure, with mortality occurring.morc rapidly

tha further the temperaturce departs from the threshold.
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cccause the eguenions Toooed cn research on thormal tolerauce predict

50 porerat mortality, o safety fovtor ie nocAded to asmnre no mortality.
coversl octwdies bove Chdicated thitoa two degree contiprade (3,693 reductdoei
of on nopor lethal fonperature oo lrs Inono worlalitice within un cquivalent
cxpostie duration (19, 20). Th@ vilidity ol a two depree safety factor was
ctrencihencd by the rinalts of Coutant (21), which aljowed that for wadian
wrortality at a given Phigh teomperatare, for about 15 to 20 percent of the exponur
time there was induced seleoctive predation on thermally shocked salmon and
trout. This also amounted to recduction of the effective stress tenperature
by about two degrees certigrade. Unpublished data £10m sunsequent predation
experiments showed rhat this reduction of zbout two degrecs centigrade also
applied to the ircipient lethal tumperature. the level at which there is

no increased vulnerability to precation is the best estimate of no-stress

exposure that 1s currently available.

Maximum Weckly Average Temperature for Growth

Occupancy of habitats by most aquatic organisms oftea is limited within
the thermal tolecrance rangé to temperatures somowhat below the ultimate upper
incipient lethal temperature. This is the result of poor physiolegical
performance at near lethal temperatur2s (c.g., growth, metabolic scope for
activities, appatite, food conversion officiency), interspecies competition,
disease, predation, and other subtle ecological factors, This complex
1imitaticn is evidenced by restric .ed southern and altitadinal distributions
of many speccies. On the other hani, optimum temperatures (such as those
producing fastest growth rates) ar: not generally necessary at all tines to

maintain thriving peopulations and 1re often excecded in nature during summer
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pounths. Moderate temperature fluctuations can generally be tolerated as
long as a summer naximum upper limit is not excecded for long periods.

A true temperature limit Zor exposures long enough to refleet metabolic
acclination and cptiaum ecological performance must lie somevhere between
the physiological cptimum and the ult.mate upper incipient lethal temperature.

Examination of literaturc cn physiological optima (swimming, metabolic
rate, temperature preference, growth, natural distribution, and tolerance)
of scveral specics has yielded an apparently sound theoretical basis for
estimating an upper temperature limit for long-term exposure. The most
sensitive function for which data are aviilable appears to be growth rate.

A temperature that is one-third of the range between the optimum
temperature for ogrowth and the ultimate incipient lethal temperature can be

calculated by the {ormula:

temp
for growth

This formula offers a practical method for obtaining allowable limits, while
retaining as its scientific basis the requirements of preserving adequate rates
of growth. This formula was used to calculate the summer growth (on a mbnthly
basis) criteria in Table 1.

The criterion for a specific location would be deteimined by the most
sensitive life stage or the scnsitive important species likely to be present
in that locaticn at that time. Since many f1shes have restricted habitats
(e.g., specific depth zones) at many lifc stages, the thermal criterion must
be applied to the proper zone. There is fleld evidence that fish avoid
localized arcas of unfaverably warm water. This has been demonstrated both

in lakes where coldwater fishh normally cvacuate warm shallows Ln summer
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and aL power statioun heated plumes. In most large bodies of water there are
both vertical and horizontal thermal gradients that mobile crganisms can

follow to avoid unfavorable high (or low) temperatures. The summer maxima

must apply Lo restricted local habitats :uch as lake hypolimnia or thermoclines,
that nrovide important summer sanctuary zreas for coldwater species. Any
avoidance of a warm area within the norm:l secasonal habitat of the species will
mean that less area of the water body is available to suprort the population
and that production may be reduced. Such reduction should aot interfere

with biological communities or populations of important species to a degree
whick is damaging to the ecosystem or other beneficial uses. Non-mobile
organisms that must remain in the warm zone will probably be the limiting
organisms for that location. Any upper limiting temperature criteria must

be applied carefully with understanding of the population dynamics of the

species in question in order to establish both local and regional requirements.

Maximum Weekly Average Temperature for Winter

Although artificially produced temperature elevations during winter
months may actually bring the temperature closer to optimum or preferred
temperature for important species, and therefore attract fish, metabolic
acclimation to these higher levels can preclude safe return of the organism
to ambient temperatures should the artificial heating suddenly cease or the
organism be driven from the heated a-‘ea. The lower limit of the range of
thermal tolerance of important species must, therefore, bLe maintained at
the normal seasonal ambient temperatures throughout cold seasons. This can
be accomplished by limitations on temperature elevatlons in such areas as

discharge canals and mixing zones where organisms may reside, or by insuring
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theat womloen o ocratures cacur only 1n areas not accessible to important
agrutric TLle_To leongohs of o sulllciont to ~llow metabolic ~ccelimation.
Such dnauscessih e areas waald dnclude the hish-velocity zonvs of diffuscrs

or vovewned cis herge channels.  This roduaction of maximum tonporatures

would wot preciude vse of elishtl- varcad aress 25 sites for incense winter ’

fivhuries.
This consiJeraticen may be important in sconc regions at times other thizan
in winter. The Great Lakes, tor example, ave susceptible to rapid changes

in elevation of the thermceline in summer which may induce rapid decreascs
in shoreline temperatuves (upwelling)., Tioh acclimated to exceptionally

high temperatvres in discharge conals may be killed or severely stressed without
changes in powver plant operations.

Some numurical values for acclimation temperaturce and lower limirs of
tolerance ranges (lower incipient lethal temperatures) f{or several species
are given in Appendix A. Lower winter temperature is recessary for some
species such as yellow perch for egg maturation and lake whitefish for egg
incubation,

Figure 1 is a nomograph that di¢monstrates the relationship between the
maximum weekly average temperaturc :cceptable in heated plumes and different
ambiert temperatures. The nomograph was calculated using lower incipient
lethal temperature data that would, after applving the 2° C saflety factor,
ensure protection agzinst partial lezhality fo:r most fish species for which
there are data (22). At an acclimation (heated plume) temperature of 10° C

'

(50° F) or less, warm water fishos can tolerate a drop in temperature to

any lower ambiecnt temperature. (onversely (sece TFig. 1), whenever the ambient
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- < 7 . oy T e - e 3 Y 5 N 1 v et e e
Locporarare o Tons caan b C (37 1), the neated plume moy be as witw
© . ey A - - < . . PR . R DU A e
A 10° ¢ (5T vy Towever, cout omd osotmon can ot withstond oo parablae
fope e tare deet Daes Vi nore b ceoald beovoe b dovn tooan ambicnt

ey ature of U0 (227 Iy. At Lhis temperaturo @ pavinun plemae temperiore
Of 5° ¢ (41 ) is pormiesitle.

The maxizets wecekly average tomperoLoves durine the wintor months are
applicable ro the hested plove rather then the receiving water cincae the

priuvcipal concess for most fizhv ot that tlwe rotec

[N
w
(ms
C

'S
i

against cxcessive
rapid decline in temperaturc. At the time that the carliest spawning should

occuy, the apprip

—

“iate maxioom weekly average temporiaturce for theo receiving
water must be applicd again., L specics similar to yellow perch or lake
whitefivih are to be proteciad, a maximum weekly average temperature in the

receiving water during the winters should be necessary as well as the

limitacion in the plumes.

Short-term Exposire to Extrenc Temperaturc

To protect aquatic life and ya2t allew other uses of the water, it is
ossential to know the lengths of t e orpanisms can survive extreine
temperaturcs (i.e,, temp ratures t at oxceed the 7-day incipient lethal
temperature). The length of time hat 50 percent of a population will survive
temperature above the in:ipient le -hal temperature can b2 calculated from

a regression equation of cxperimen al data as follows:
log (time in min.,) = a + L (Temp. in °C)

where a and b arc intercept and slope, respectively, which are characteristics

of each acclimation tewperature for cach soecics (22). In some cases the
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time-towperature rcelationship Ls more conplex taan the semilogarithuic

modcl given abaove. This cquation, howeveir, 1s the rort applicabla, and is

generally accepted bty the scicntific comumuiny (5). Caction is recrommendod
in extrapclating boyond the data limits of the originnl reseavch, Thormal
resistance may be dininished by the simulltincous presence of tvoslesuts or
other debilitatiryg Tactors. The most accurate sredictability can ba
derived [rom data collected using water [rom th2 site unaer evaluatiaon.

It is clear that adequate data are available for only a small percentage

of aquatic species, and additional research is unccessary. Thermal resistance

[t

information shculd be obtained locally for critical reas to account for
simultaneous presence of toxicants or other debilitating factors, a consideration
not reflected in the Appendix data.

The resictance time equaticn discusesed onrl
tolerance limits for many species of fish for several time intervals up
to 10,000 minut2s. The results of these calculaticns revealed a uniform
relationship between these species that would permit establishing maximun
acceptable temperatures for spring, sumrmer, and fall that would protect fish
against lethal conditions when subjected to occasional temperature levels
exceeding the maximum weekly average t-mperature during these seasons. hese
limits, applicable to the receiving water, are summarized in Table 1 and are
based on the 24-hour medlan tolerance .imit, minus the 2° C (3.6° T) safcty
factor discussed carlier using the maximum wcekly average temperaturc as
the acclimation tempcrature.

Since these temperatures excced those permitting satisfactory, albeit

sub-optimal growth, unnatural excursious above the maximum weekly average

[I-1C4



13
temperaturc to the maximun temperature should be permitted only in extreme
instances and then only for short tiue periods.

A procedure has been developed ¢ nd discussced for the cvaluation of
specific thermal discharge sites using a rearraungement of th2 resistance-time
equation (22). This useful procedur? allows the summation of specific
effects on aquatic organisms during passage through condensors, discharge
canals and heated plumes.

During the spawning scason short-term maxima determined using the
resistance time equation will protect the spawning populaticn from lethal
temperatures. However, spawning and egg incubation temperature requirements
are more restrictive (lower) and these biological processes would not be
protected by those maxima. The upper temperature 1imits for successful
spawning and egg jncubation for a given fish species are esgsentially the

same and these limits are the recommended short-term maxima during the

spawning season (Table 2).

Reproduction and Development

The sequence of events relating to gonad development, spawning migration,
release of gametes, development of the egg and embryo, and commencement of
independent fceding represents one of the most complex phenomena in nature,
both for fish (23) and invertebrates (6). These events are generally the
most thermally sensitive of all life stages. The erratic sequcnce of
failures and successes of different year classes of lake fish attests LO
the unreliability of natural conditiocis for providing optimum reproduction
each year.

Uniform elcvatlons of temperature by a few degrees during the spawning

period, while maintaining short-term temperature cycles and seasonal thermal
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patternns, appoar to have little overall cfiect on the reproductive cyele
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be timing for spring
spewners or delay It for Lol spawnerc.  Such shifus ave often scea in
nature, olthoush no quantitstive messurewcuts of reproductive success have
becn mule in this counection. TFor example, thriving populations of many
13 occur i diverse strenms of the Tennessee Valley in which the date of
spavning may vary in a given year by 22 to 65 days. Examination of the
literature shows that shifts in spawning dates by nearly one month are comnmon
in natural waters throughcut the U. 3. Populations of some species at
the southern limits of their Jdistribution are excepticns - the lale whitefish
RSt

(Coregorus clurcaformis) in Lake Erie that require a prolonged, cold incubation

period (2¢) and species such as yellow perch (Prarca flavescens) that require a

leng chill pariod for egg moturaticn prdier to spawni

Cies

(9]

).
Highly mobile specics that depend upon temperature synchrony among

widely diffevent regions or environments for various phases of the

reproductive or rearing cycle (e.g., anadromous salimnonids or aquatic insects)

could be faced with dangers of dig-synchrony if one area is warmed, but another

is not. DPoos long=-term success of one year class of Fraser River (British

Columbia) sockeye salmon (Oncorhvnchus nerka) was attributed to early (and
Yy Zhs

el

highly successful) fry production and emigration during an abnormally warm
summer followed by unsuccessf{ul, premature feeding activity in the cold

and still urnproductive estuary (26).

Changes in Structure of Aquntic Communiticy

stgnificant chanpe in towperature or in thermal patterns cover a period

of tiwme may cause some chanpe Lo the compositlon of aguatic comsmunitices

4

11-106



(1.0., the v cies ropresented and too nuwbore oL individunls in euach

crecos). Aldowiny temperaiure chonoons to o sipuitioantly 2lter the cor ity
slroctrre i neolura b oot o oy be dotrieenta !, even thoupls rpecies o
divect fmpoveonce Lo man ore not eliinsied.

Alteratlion of aguatlc corsaunitice by the addition of heat may occasionally

reov bl in growths of nuisance organi: s orovided vonat other envircmncuta]
conditions ccscntial to sueh growthe (e. ., nutrients) exist.

Data on tewporature limi.s or thermal distrvibutions in which nuisonce
growths will be produced arc .ot presently available due in part to the
complex intecractions with othor growth stuimuiantc. There ‘s not sufllicient
evidence to say that any tem :rature increase will necessarily result in

increased nuisance ovganisms. Carceful cvaluation of local conditions is

required for any recasonable prediction or effect.

EXAMPTY

The nuances of developing f{resh-ater aquatic life criteria for
temperature can best be understood b an example (Table 3). Tables 1 and 2
and Figurc 1 and the Appenlix are the principal sources for the criteria.
The following additional information about the specific envircnment to
which the criteria will apply is needed.

1. Species to be protected by the criteria. (In this example, they
are blueygill, largemouth buss, and white crappie).

2. Local spawning seicons for these species. (Bluegill - May to July;
white crappie - April to June; largemouth bass - May to July).

3. YNormal seasonal risc in temperature during the spawning scason.

.
2
i

(Since spawning may occur over a period o a few months and only a sinplie
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maximum weerly average temperature for cptimnl spawning is given for a

species (Tdble 2), one would use that optimal tawperaturs for the nid!

}-a
‘.

month of the svawning seacon., In 2 normal scacon the criterion for Lhe
first menth of 2 three-nonth spawning season should be below the maxivim
weekly average temperature for spawaing for the species to be protoctod

and the last month should be above this temperature. Such & pattern abould

simulate the natural seasonal rise .

4., Normal ambient winter temperature. (In this case it is 5° C
(41° F) in December and January and 10° C (50° F) in November, February,
and March. These will Le used to deLcrmine permissible plume temperatires [n
the winter (Figure 1).)

5. The principal growing season for these specics. (In this exauple
ir i< July throuzh September. Criteria in Table 1 will be used).

6. Any local extenuating circumstances, (Lf certsin non-fish species
or food organisms are especially sersitive and thiermal requirement data are
available, these data should be usec as well as the criteria considered for
the fish species).

In some instances there will be insufficient data to determine éach
necessary criterion for each species (Table 3). One must make estimates
based on any available data and by extrapolationvfrom data for speciles f{or
which there arc adequate data. Tor instance, if the above example had
included the white bass for which only the mazimum weekly average temperature
for spawninz {s given, one would of necessity have to estimate that its suumer
growth criterion would approximite that for the white crappie which has a

similar spawning requirement.
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17
The choice of desirable fish species is very critical. Since in this
example the white crappie is the most temperature sensitirve of the three
species, the maximum weekly average temperature for summer growth is based
on the white crappie. Consequently, the criteria would result in lowver than
optimal counditions for the bluégill 21d largemouth bass. An alternatc approach
would be to develop criteria for the single most importaunt species even if the

most sensitive is not well protected. The choice is a socioeconomic one.
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Mas-imn Wee! -
SLarvianmun o ween:

itn

necies
SN

Atlantic Scinon
Bigwout™ Butinlo
Black Cxappie

Bluegill

Drook Trout
Carp

Channel Catfish
Coho Salmon
Emerald Shiner
Freshwrter Zrum
Lake Herving (Lisco)
L.argemouth BRass
Northern Pike
Rainbow Trout
Sauger
Smallmoutrh Dass
Sinallmouth Ruffalo
Sockeye Salmon
Striped Bass
Threadfin Shad
White Bass
White Craprie
White Sucker
Yellow Perch

aBased on 24-hour median lethal

ol Shiert-To
Grovth daxing
20 (&7) 23 (7))
27 (&1) -
20 (84) 32 (90)
19 (60) 23 (73
32 (S0) 36 (97)
18  (64) 24 (75)
30 (86) 31 (88)
17 (63" 25 (77)
32 (90) : 34 (93)
28 (82) 30 (86)
19  (66) 24 (75)
25 (77 -
29 (&4) -
18 (64) 22 (72)
27 (81)b -
28 (82) -
22 (72) 29 (84)

limit minus 2° C (3.6° ¥F) and accli-

mation at the maximum weekly average temperature for summer growth.

b ;
Based all or in part on data for larvae.
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TABLL 2

MaxImum Weekly Average ‘Temperature for Spawning and Short-term
Maxima tor Embryo Survival During the Spaweing Scason
(Centiprade and Falvenhelit).

Species Spawming Maximum
Atlantic Salmon 5 (41) 7 (45)
Bigmouth Buffalo 17  (63) 27  (81)
Black Crappie - -
Bluegill 25 (77 34 (93)
Brecok Trout 9 (48) 13 (53%)
Carp 21 (70) 26 (79)
Channel Catfish 27  (81) 29  (84)
Coho Salmon 10  (50) 13 (55)
Emerald Shiner 23 (73) 27 (81)
Freshwater Drum 21 (70) 26 (79)
Lake Herring (Cisco) 3 (37) 8 (46)
Largemouth Bass 21 (70) 27 (81)
Northern Pike 12 (54) 19 (66)
Rainbow Trout 9 (48) 13 (55)
Sauger 10 (50) 21 (70)
Smallmouth Bass 17 (63) 25 (7))
Smallmouth Buffalo 17 (63) 21 (70)
Sockeye Salmon 10 (50) 13  (55)
Striped Bass 18 (64) 24 (75)
Threadfin Shad 18 (64) 3 (93)
White Bass 19 (66) 24 (75)
White Crappie 18 (64) 23 (73)
White Sucker 10 (50) 21 (70)
Yellow Perch 12 (54) 20 (68)
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1

A0, 2

. . - a
€riteria Developad for Exrople

(Centlgrade and Tohronheit)

e
onin

Recaeiving lleated
_Mater Povnme
JAN -8 15 (59)
Fon - 25 (77)
MAR - 25 (77)
APR 16 (64) -
MAY 21 (70) -
Jud 25 (77) -
JUL 27 (80) -
ALG 27  (80) -
stp 27 (80) -
oLt 2L (70 -
NOV - 25 (77)
DiC - 15 (59)
Short-Term Maxinunm
JAN -
FEB -
MAR -
APR 26 (79)
MAY 29 (84)
JUN 32 (90)
JuL 32 (90)
AUG 32 (90)
SEP 32 (90)
OCT 29 (84)
NOV -
DLEC -

Darision Basis

Protectlion inst temperatura drop
Protection against tempevature drop
Protection apainst temperature drop
White crappie spawning

Largemouth bass spawning

Bluegill spawning and white crappie
White crappie growth

White crappie growth

White cravpnie growth

Normal gradual scasonal decline
Protection against temperature drop
Protection against tempecraturc drop

Decision Basis

Bluegillb survival (estimated)
.., b . . o

Blueglle survival (estimaten)

Bluegillb survival

Bluegillb survival

Bluegil survival

Bluegill  survival
Bluegill™ survival (estimated)

a . . , .
If a species had required a winter chill period for gamete
maturation or czr incubartion, receiving water criteria would

also be required.

t

o . . .
No data available for the sliphtly more scensitive white crappice.
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Species:

FISH TEMPERATURE DATA SHEET

Atlantic salmon Salmo salar

Y. Lethal threshold:

Upper

Lower

1. Growth:lj

Optimum and

[rangeg/]

III. Reproduction:
Migration
Spawning

Incubation
and hatcht

1V. Preferred:

acclimation

data
temperature larvee  juvenileée  adult source=
5 ' 22% 1
6 22 1
10 ' 23% 1
20 ' 23% 1
27.5 27.5 L 10
*30 days after hatch '
larvae Juvenile adult
 a 4
optimum ranze month(s)
adults 23 or less, smolt 10 or less 7
5-6(9) Oct=Dec(8) 8.9
0.5-7 3
acclimation
‘temperature larvas  juvenile  adult
4 14(2) 2
Summer 17(5) 14-16 ()] _ 5,6

As reported or net growth (growth in wi. minus wt. of mortality).

2/ As reported or te 50% of optimum if Jata permit.

3/

List sources nn back of page in nunerical sequence.
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10.

Atlantic salmon
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FISH TEMPERATURE DATA SHEET

Species: Bigmouth buffalo, Ictiocbus cyprinellus

:
acclimation data
I. Lethal threshoid: temperature larvae Juvenile adult source=
Upper
i
Lowver
1/ o : {
II. Growth:= arvae juvenile adulc i
Optinum and
2/
[range—)
1
III. Reproduction: optimum range month(s)
Migration
. ‘ | '
Spawning 17 14-27 Apr-Tuna 1,2 346
Incubation
and hatch 14-17 2.5.6
acclimation
1V. Preferred: tenperature larvae juvenile adult
Surmer 31-34% Il 7
*Ictiodus sH.
fiz= ’

|
|

/ As reported or nect growth (growth in wt. minus wt. of mortality).

/ As reported or to 507 of optimum if data permit.

Jw N [
~.

List sources on back of page in numerical secquence.
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1.

2.

3.

4.

5.

7.

Bigmouth buffalo
- - Reiercnces
Johnson, R. P. 1963. Studies on the 1if
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20:1397-1429.

2 history and ecology of the

Eddy, S. and T. Surber. 1947. Northern fishes. Univ. of Mian. Press.
Walburg, C. H. and W. R. Nelson. 1965. Carp, river carpsucker, smallmouth
buffalo and bigmouth buffalo in Lewis and Clark Lake, Missouri
River. Bur. Sport Fish. and ¥Wildl. Research Report 69.

Harlan, J. R. and E. B. Speaker. 1936. Iowa Tish and Fishing State
Conservation Commission.

Walker, M. C. and P. T. Frank. 1352. The propagation of buffalo. Prog.
Fish. Cult. 14:129-130.

Swingle, H. S. 1955. Expariments on coz2 rcial fish production in pends.
Proc. S. E. Assoc. Game and Fish Cozzission for 1954, pt. 69-74.

Gammon, J. R. 1973. The effects of thermal inputs on the population of
fish and macroinvertebrates in the Wzbash River. Techk. Rept. DNo. 32.

Purdue Univ. Water Resources Resezrch Center.
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FISH TEMPERATURE DATA SHEET

Black crappie, Pomoxis nigromaculatus:

Species:
f
acclimation data /
I. Lethal threshold: temperature larvae Juvenile adult source=
Upper o — _ _
25 S _23% 2
) - *Ultinate incipient lgvel
J.ower '
G h';/ larvae uvenil adult i
IT. rowth: juvenile adult l
Optimum and 22-25 {§ 2
‘ {
[rangegjl (11-30)* 2

*limits of zero growth

III. Reproduction: optirum range nonth(s) |
Migration ‘
Spawning 14-18 (4)* Mar (4)-Julyl3) 3,4
Incubation

and hatch .
~pegln spawning
acclimation
TV. Preferrad: " “temperature Jaervae Jjuvenile adult |
‘Summer 13-20(5) 24-34(1) | 1,5
|
t
i
l/ As reported or net growth (growvth in wi. nminus wt. of mortality).
2/ As veported or to 507 of optimun 1f data permit,
3/ List sources on back of papge in numerical sequence.
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Black crappie

- - References
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FISH TEMPERATURE DATA SHEET

Bluegill, Lepomis macrochirus

Species:
—
acclimation data 3/
I. Lethal thresholad: temperature larvae  juvenile adult source=
Tpper 15(2), 12(8) 27(8) 31 (2) 2,8
20 32
25(2), 24(8) 36(8) 33 (2) 2.8
30 34 2
33 37 8
Lower t5(2), 12(8) 3 (8) 3 (2) 2,8
20 S 2
25(2), 26(8) 10 (8) 7 (2) 2,8
30 11 2
33 15 8
1I. Growth:;j larvase juvenile adult
Optimum and 2L-27(3) !
2/
[range—] (16 (L)=3nE8)) 1.4
III. Reproduction: optimum range month(s)
Migration
Spawning 25(5) 19(5Y=32(H) Apr-Aug. 1.5,6
. 69
Incubation ,
and hatch 22-24 22-3% 8
acclimation
IV. Preferred: temperature larrae juvenile  adult |
32 9
:
!
1/

=’ As reported or net growth (growth in wt. winus wt.

2/ As reported or to 507 of optinmwa LT &

3/

List sources on baclk of page in numerical

of mortality).
ta perntc.

sequence.
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Bluegill sunfish
- - References
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FISH .TEMPERATURE DATA SHEET

Brook trout

Species: .Salvelinus fontinalis
acclimation daté
I. Lethal threshold: temperature larvae  juvenile adult source=
3 23 -
Upper 11 ' 25 3
12 20%,25%%* 2
_15 25 3
20 293 3
25 25 3
*Newly hatched
Lower **Swimup’
IT. Growth:l/ larvae juvenile adult
Optimum and 12-15(2) 16 (1) 1,2
[range? ) (7-18) (2) (10-19) (U} 1,2
III. Reproduction: optimum range month(s)
Migration
Spawning <9 -12 Sept.-Nov. 1
Incubation
and hatcn 6 -13 1
acclimation
IV. Preferred: tenperature larvae juvanile adult
14-19%* 4

*age not ziven

As reported or net growth (growth in wt. minus wt.

2/ As reported or to 507 of optimun If data permit.

3/

=2/ List sources on back of page in numcrical sequence.
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Brook trout
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FISH TEMPERATURE DATA SHEET

Species: Carp, Cyprinus carpio

acclimation data /
I. Lethal thresholad: temperature larvae  juvenile adult sourceé
Upper 20 ' s 3
f
26 36* | 3
*24 hr. TL
Lower 50
II. Growth:i/ larvae juvenile adult
Optimum and
[rangezjl f
III. Reproduction: optirum range month(s)
Migration
Spawning 19-23(2) 16 (4)~26 (. Mar-Aug(SE 2,4.5
Incubation
and hatch 17-22 (7) v 7
Abnormal larvae after 35° shock of embryDd 1
acclimation
1V. Preferred: temperature larvae Juvenile adult
25-35(6) 31-32(6) 6
Summer 33-35 b g
10 17 2

~

}-4

As reported or net growth (growth in wt. minus wt. of mortz

As reported or to 507 of optimum 1if data permit.

jw IN =
~

/

List sources on back of page in numerical sequence.
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Carp
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Cyprinus carpio L., in Lake St. Liwrznce, Ontario. ‘Trans. Amer.
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FISH TEMPERATURE DATA SHEET

‘Species: _ Channel catfish, Tctalurus punctatus

acclimation data 3/
I. lethal threshold: temperature larvae juvenile adult source=
Upper 15 31(3)* 30(2) 2.3
25 51y . 332 10
30 37 1
35 38 1
*No acclimation temperature givej
Lowver 15 . 0 2
20 0 2
25 0 2
1/ .
IT. Growth:= larvae juvenile adult
Optirum arnd 29-30(3) ._28=301710) 3,10
[range?’] (27-31)(3)  (22-34) (4) 4
III. Reproduction: optirum range nonth(s)
Migration
Spawning 27(5) 21-29(5) Apr-July (6} 5,6
Incubation .
and hatch 22(8) 18(7)-29(5) i 5,7,8
acclimation g
IV. Preferred: tenperature larvae  Juvenile adult i
‘Summer 30-32% || ©
|
!
— |
*field E

As reported or net growth (growth in wt. ninus wt. of mortality).
2/ As reported or to 50% of optimum if data permit.

3/

2/ 1ist sources on back of page in numevrical sequence.
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Channel catfish
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Cisco-(Lakz herring), Coregonus

-— 1 o — =y ) e = e} Iy
J.'ISA{ P PNV QU G DR DATA Yy IS

SpecLes
acelimation i date 3/
I. Lethal threshold:  temperature lerwae  juvenile  adult P osouzce™
2(3), 3(2) 29(2) 20(3) 20(4,6)* i 2,3,4,6
“Upper 5(3), <10(5) 22(3) <24(5) l 3,5
513 26 3
20 26 I3
- |
25 26 |3
*accl. temp. u%known
Lower 2 3 b3
5 .5 g 3
i
10 3 i3
!
20 5 i3
25 10 b3
iI. Growth:l/ lagvae juvenile adult }
Cptizun and 16 P2
. 2/ A P
[range™' ] 13-1¢ I 2
F
!
!
III. Reproduction: ootinun ranoce Qggggjﬁ)g
|
Nigration To _spavning grouuds at = 5 . Z
‘ -
,2Spawning 3 1-5 Nov-Dec ! 7.8,9
Incubation !
and hatch 6(1) 2-8(1) Apr-MMay | 1,8,9
(8-9) i
acclimation :
iV, Preferred: tempaorature lzxvae  juvenile  adult i
13 6
i
-— (
!
;
]
i
2 s reported or net growth (growsh In wi. minus wi. of rortality).
2/ As reported or to 507 of optimum I cata permit.

-3-/ Lis

t sources cin back of page 1

—-yem—a
salas T

vical sequence.
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Cisco
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FISH .TERPERATURZ DATA SHLET

Coho séiﬁon, Oncorhvnchus kisutceh

Species: ‘
acclimation data
I. Lethal threshold: temperature larvae Juverile adult sourceél
Upper : 13 ’ 'g; 21% (3) iL;
15 24 1
20 25 - 1
23 ' 25 1
*Accl. templj unknown
Lower 5 0.2 ‘1
10 2 1
15 3 1
20 5 1
23 6 1
IT. CGrowth:%/ larvae juvenile adult
Optimuz and 15% 2
[fangeg/] 5-17 6
*unlimited food
III. Reproduction: optimum rangs nmonth(s)
Migration 7-16 (5) 5
Spawning 7-13 (3) Fall 3
Incubation
and hatch
acclimation
IV. Preferred: " "temperature larvae Juvenile adult
“"Winter 13 4
i/ As reported or net growth (growth in wt. minus wt. of mortality).
2/ As reported or to 50% of optimum if data permit.
3/

List sources ¢n back of page in numerical sequence.
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Coho salron
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FISH TEMPERATURE DATA SHEET

Emerald Shiner, Notropis atherinsides

Species: E
acclimation data 3/
I. Lethal threshold: temperature lervae  juvenile  adult source=
> , 22-23 l 1
Upper 10 27 1
15 29 i
20 31 B!
25 31 ) 1
Lower
15 2 , 1
20 1
1/ . .
II. Growth:~ larvae juvenile adult
Optinum and 29 L 2
[rangegl] (24-31) 2
II1. Reproduction: optimum range month(s) i
Mig?ation )
Spawning 200(3)=27(6) May—Aua (1 1.3,5,h
Incubation )
and hatch
acclimation
IV. Preferred: temperature larvae juvenile  adult
Sunmer 25% : 3
WUinter 27% ! A
*unknown age}
l/ As reported or net growth (growth in wt. minus wi. of mortality).
2/ As reported or to 507 of optimun ir dat2 permit.
3/ List sources cn back of page in numerlaal scquence.
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Emerald shiner
. References

Carlandexr, R. D. 1969. Handbhook of freshwater fishery bioclogy. Vol. 1,
Iowa State Univ. Press, Ames, Iova.

McCormick, J. H. and C. F. Kleiner. 1970. Effects of temperature on growth
and survival of young-of-the-year emerald shiners (Notropis atherinoides).
Unpublished data, National Water Quality Laboratory, Duluth, Minnesota.

Campbell, J. S. and H. R. Mac Crimmon. 1970. Biotogy of the emerald shiner

Notropis atherinoides Rafinesque in Lake Simcoe, Cariada. J. Fish. Biol.
2(3):259-273.

Wapora, Inc. for the Ohio Electric Utilities Inst. 1971. The effect of
temperature on aquatic life in the Ohio River. Final Report.

Flittner, G. A. 1964. Morphomeiry and life history of the emerald shiner,
Notropis atherinoides-I'afinesque. Ph.D. Thesis, Univ. of Mich.

Gray, J. W., 1942, Studies on MNotropis atherinoides athernoides Rafinesque

in the Bass Islands Region of Lake Erie. Master's Thesis, Ohio State
Univ. : ' |
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FISH TEMPERATURE DATA SHEE™

Species: Freshwater drum, Aploding* s orianiana
= T
acclimation data /
I. Llethal threshcld: temperature larvee  juvenile  adult source=
Upper
Lower
1/ . '
II. Growth:= larvae juvenile adult
Cptimurm and
2/
[range—'] —_—
III. Reproduction: optinun range month(s)
Migration -
Spawning 21 =24 May=Tene | 1,2,.3,9 4
Incubation
and hatch 22-26 b1,4.6
acclimation
IV. Preferred: " "témperature larvas Juvenila adult
Summer 29-31+ 7

!

|

. l
#Field !
1

|

As reported or net growth (growth in wt., minus wt. of mortality).
=" As reported or to 507 of optimum if datn permic.

=" List sources on back of page in numerical sequence.
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Freshwater drum

- - References
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freshwvater drum in Wheeler Reservoir, Alabama. Proc. 22rd Ann.
Conf. S. E. Assoc. Game and Fish Comm., 1968. p. 479-495.

Butler, R. L. and L. L. Smith, Jr. 1950. The age and rate of growth of
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Mississippi River navigation pools. Trans. Amer. Fish. Soc.
79:43-54.,

Daiber, F. C. 1953. Notes on the spawning population of the freshwater
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Amer. Mid. Nat. 50:159-171.

Davis, C. D. 1959. A planktonic fish egg from freshwater. Limn. Ocean
4:352-355.

Edsall, T. A. 1967. Biology of the freshwater drum in Western Lake Erie.
Ohio Jour. Sci. 67:321-340.
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Trans. Ar. Fish. Soc. 99:560-571.
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Purdue
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YISH TEMPERATURE

lyJ

Speciles: Largemouth bass, Micropterus sz’=-:Zag
acclimation data
I. Lethal threshold: temperature lzvr-rzo urenile acdult sourccgl
25 35 1
30 36 1
35 36 1
!
i
Lower 20 5 1
25 7 1
30 11 1
; 1/ o
1I. Growth:~ larvae juraeaila adult
Cptimum and 27 33(8) 2,8
[reng=2’ ] (20-30) 23-21(8) 2,8
. !
III. Reoroduction: optircum ranse month(s)
Migration
R Apr-June (3)
Spawming 21(4) 15-27(4) I\’gv—}-lav(»’x) ! 3.4
Incubation B
2 T35V =04
and hatch 0(5) 130-2509) 26,9
acclimation
IV. Preferred: tempernture lzree Juvenile adult i
3N-32% fi 7
|
|
“season not given |
l
2/ As reported or nct growth (proveir in L nus we. of rortality).

2/

=" As reported or to 507 of optimun

ist sources on back of page in nu=mor

1
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Largemouth bass

o - References

Hart, J. S. 1952. Geographic variations of some physiological and
morphological characters in certain freshwater fish. Univ. Toronto
Biological Series No. 60.

Strawn, Kirk. 1961. Growth of largemouth bass fry at various temperatures.
Trans. Aner. Fish. Soc., 90:334-335.

Kramer, R. H. and L. L. Smith, Jr. 1962, Formation of Year class in
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Clugston, J. P. 1966. Centrarchid spawning in the Floriaa Everglades.
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Master's
Thesis, Cormell University.
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Bd. Canada 15:607-624.
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Carr, M. H. 1942. The breeding habits, embryology and larval developzent
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20:43-77.
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FISH TEXMPERATURE DATA SHEET

Species: Northern pike, Esox lucius

acclimation data
I. Lethal threshold: temperature larvae  juvenile adult source=

Upper 18 ’ 25,28% 2

25 32 1

27 33 1

30 33%% 1

*4t hztch and free swimming, resfgectively

Lower **Jlticate incipient level - ’

18 3% 2

*At hatch and free swinming

II. Growth:lj larvae juveﬁile adult )
Optimum and 21 26 2
[rangezj] (18-26) 2

ITII. Reproduction: - optinum range month(s)L
Migration
Spavming 4(4)-19(3, Feb-June (5) 3,4,5
Incubation »
and hatch 12 /-19 2
acclimation
IV. Preferred: ‘temperature larvae  juvenile  adult !

[@2Y

24,26%

q

|

3

]
*Grass pickrel and misky, respectivel:

I

)

1/ As reported or net growth (growth in wt. minus wt. of mortality).
2/ As reported or to 507 of optimum if data permit.

3/

=/ List sources on back of page in numerical secquence.

I1-140



(08

Northern pike

- - Referencsas
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FISH TIRMPERATLRZ DATA SUHIET

Rainbow trout, Salmo pairdneri

Species:

acclimation data
I. Lethal threshold: temperature larvze  juvenile  adult source=
Upper 18 27 1
19 21 2
|
Lower
1/ .
II. Growth:= larvae juvenile adult
Optimum and 17-19g <
' 2/
[range—~ ] 3. - ) R
ITI. Reproduction: optirum range month(s)
Migration _
Spawning 5-13(%) Yov-Feb(7% 6,7
. Feb—June (7)
Incubation
and hatch 5-7(9) 5-12(4) 4,9
acclimation
1V. Preferred: temperature lzrvas= juvenile adult
Not given 1% i 3
|
l
1’
{
i
!
EJ As reported or net grouth (growth in wI. nminus wi. of mortality).
2/ As reported or to 507 of optimum If doin pernic
2/ List sources on back of page in numevical sequence.
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Rainbow trout
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Z. Lecohel threshiolds teooeToture I ovznila edulcs :
Canor 9-21 75-CG0%% ' .
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i
22 30 "
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[o)ohn

. e
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Sauger
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Addew

iv.

Smallmovth bass, micropterus

Lower

.1

G‘:o::tn:—/

Optimum and-
2/,

[rang

Reproduction:
Migration

Spavming

Incubation
and hatch

Preierred:

threshold:

acclimation
temperaturae

15(3)

) 2(3)

lizaticn not given
a

18

&

22

2

26

larvae

28-29(2)

notimum

17-18(3)

acclizeation
cur

temnerature

10

#aczlimation temperature not ¢

juvenile
25(3)

l

oI duvenile

(=4

a2dult

month(s)

5,7,8

Summer

Winter

w o
N~~~

A Teportad or

or nct growth

to 50% of optimum I

D V.
srowen L0 L. nLn -3

TR

List sourcas on back of page in numerical saquence.
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Smallmouth bass
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in the Middle Snake River. Master's Thesis, Univ. Idaho.
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Species:

FISH .TEMPERATURE DATA SHELET

Smallmouth buffalo, Ictiobus bubalus

I. Lethal threshold:

Upper

Lower

II.  Growth:
Cptimum and

2/]

[fange—

III. Reproduction:
Migration
Spawning

Incubation
and hatch

IV, Preferred:

sp. field|

i

acclimation . data
temperature larvae  juvenile  a2dult sourcegj
larvae juvenile adult
optinum range month(é)
17(1,3) : 1&(1);73(1,2) Mar—-Jun 1,2,3
(3)
14(1)-21(2) 1,2
acclimation
tempaorature larvae juvenile adult
31-34% | 4
|
*Ictiobus I

As reported or net growth (growth in wt. minus wt. of wortality).

=" As reported or to 507 of optimun if data permit.

=" List sources on back of page in numerlcal sequence.
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Smallmouth buffalo
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Bur. Sport Fish. and Wildl. Res. Rep. 69.

Walker, M. C. and P. T. Frank. 1952. The propagation of buffalo. Prog.
Fish. Cult. 14:129-130.

Gammon, J. R. 1973. The effect of thermal input on the populations of
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Sockeye salwon, Oncorhynchus nerka—

)
. |
acclimation | data
Z. Letnal threshold: temnerature izrvee juvenile adult L source=

]

Tpper 5 22 1
i

10 23 11
]

15 24 % 1
!

20 25 ]

lower 5 0 oL

10 3 H

15 4 f 1
|

20 ) .l

23 7 P
- 1/ . i
II. Growth:= lervae uvenile adult &
=etvee Juvenz. H

Cptizuxz and 15(6) 15(2) i 2.6

2/ i

[ranze™') 10-15 i 5
)
ft
1
!
N I
*Max. with excess food i
}
——— . . . i
11I. Repsroduccticn: optimun rznte monthis)

Migration 7-16 I g
. I

Spavming 7-13 Fall 7
e i
incupation h

2nd hatch §-13 -
i
i
N it
acclimation i
IV Profarred: temneroture lzovar Juvenile zZult ?
i

Summer 15 b 2
L
i
!

=

~J/ A5 reported or net growth (prowveihy Zo vl alaus Wi ol morta AN

.

)/

= . ~ I cne & * . ~ ) - o e V3
As tveporited or to 507 of optiuwua L7 data pomiz

_3/ S <~ Vv~ S 1. < B ~ e T A A P
List sourcces on vack ol page in numerical scg

a/

1

Data for sea-rua Sockeye, not Kokarece
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Sockeye Salmon
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FISH .TEMPERATURE DATA SHEET

Species: Striped bass, Morone saxafilie
acclimation . data
I. Lethal threshold: temperature larvae  juvenile adult source=
Upper
Lowver
' 1/
II. Growth:= larvae Juvenile adult
Optiruna and
: 2/
[range™'] -
ITI. Reproduction: optimum range nonth(s)
Migration
Spawning 17-19 13-22 Apr—July 1,2.3.4.5
Incubation
and hatch 16-24 1
acclimation
1V. Preferrad: temperature larvae  juvenile adult

As reportaed or net growth (growth in wt. minus wvt.

~

As reported or to 507 of optimum if data permlit.
P I p

W N[

/

List sources cn back of page in numerical sequence.
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Striped bass
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White bass Morone chrysops
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FISH TEXPERATURE DATA SHEET

Coecies: _White crappie, Pomoxig annularis
) acclimation | cata ]
I. lethal threshoid: temperature larvae  juvenile adult source™—
Upper
33*% 5
*¥Ultimate incipient lpy=21
Lower - - A
SN )
II. Growth:= larvae juvenile adult
Optizua and 25 3
: 2
[ranae—/ "~
III. Reproduction: optimum range nonth(s)
Migration .
: .. . Har(4)=- ‘
Spawning 16-20(6) 14-23(6) Tulel 3.4.6
Incubation *blijzo(jlf ) '
and hatch e3in spawning
Hatch in 24-27-1/2 hrs. at 21-23 2
acclimation
IVv. Preferred: temperature larvae juvenile adult
28-29 1
a/ As reported or net growth (growth in wt. minus wt. of mertality).
2/ As reported or to 507 of optimun if data permit.

3/ List sources on back of page in numerical sequence.
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White crazsoie

- - References

Gammon, J. R. 13973. The effect o0f thar—z] input on the populations of
fish and macroinvertebrates in thz Walas: River. Tech.Rept. 32,
Purdue Univ. Water Resources Resszrch Ce

Breder, C. M. and D. E. Rosen. 19%46. :des of reproduction in fishes,
Nat. History Press.

Morgan, G. D. 1954. The life history of the white crappie (Pomoxis
annularis) of Buckeye Lake, Ohio. J. Sci. Lab. Denison Univ.,
Granville, Ohio. 43:113-1%44.

Goodson, Lee F. 1966. Crappie. In: Ialand Fisheries Management
A. Calhoun, Ed., Calif. Dept. Fish Gare.

@

Kleiper, C. F. and K. E. F. Hokanson. 1873. Effects of constant temparature
a1l

on growth and mortality rates of juvenile white crappie, Pomoxis
annularis Rafinesque. Unpublishez data, National Water Quality

Laboratory, Duluth, Minnesotz. -

bation and mortality

Siefert, R. E. 1968. Reproductive b navior, incu
cZon 1n the White crappie. Trans.

of eggs and post larval food salen
Armer. Fish. Soc. 97:252-259,

e
(o]

I1-158



e rmyaa
—oW 2D
A 1/
. - -
—_— coowon
OO L.

R S B ) -
Rcippielet Sehuhite Doin

oGy sl ol
" [ 5 - 56(‘25‘ = paienii i 2_'_:'“
10 28 ()= 28(2) ) 1,2

31 (1)

29(2)

20(2), 21(1)

30 (1)

29(2)

25

29

25-26

#7-day TL530 for swinmup

31

20

2-3

21

25

6

(24-27)

*7-day-TLSO for swimup

2 earam

n 4-18

(5,6)

P ™
2CU_C

RO

< ..:.:\i,» .

- I'd Y .

Mar-June

5.6

(2)

. )
&ang aaoda
PR, R
L5 GTOISIIEINTS SRS D §
-— - ‘. -y — - .- - - - e - - T -~ -2 Y e
- e Chpay alel L2 Io U2 = WIS Lyl SIU L2
T
-t e — - S e e e [N .- - S D
e SRR IS S .ot o - N~V - ~ - . - - Ve e = )
"/ . ca ey b o ~ - s e e = ~ - - -
' N5 TLLOTHCL 0T O Ly L 0DTL .z e DAl
-
) v s - T
- L3 Zoullls o Yool Ol S8 I0 Tllies mve s Do e

II-

159




Wnite sucker
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MARINE TEMPERATURE CRITERIA

The philosophy underlying criteria for marine and estuarine
cooling water is that volumes shall be minimized to reduce plant pas-
sage of planktonic orpanisms. Accordingly, there shall be no dilu-
tion pumping.

a. The maximum acceptable increase in surface temperatures is

2.2°C (4°T) during fall, winter, and spring.

b. The maximum acceptable increase in surface tempcratures is
1.1°C (2°F) during the summer (defined as July-September
north of Long Island and the northern extremity of California;
June-September south of those points). )

c. Alteration of characteristic daily temperature cycles in
either frequency or amplitude is unacceptable.

d. Exceeding the following summer maxima is unacceptable:

Max imum True Daily Mean*
Tropical Regions 32.2°C (90°F) 30°C (86°F)
(South of Cape Canaveral and
Tampa Bay, Florida, Puerto
Rico, Pacific tropical islands)
Cape Hatteras, N.C. ta Cape 32.2°C (90°F) 29.4°C (85°F)
Canaveral, Florida
Long Island (souch shore) to 30°C (86°F) 27.8°C (82°F)

Cape Hatteras, N.C.
*True Daily Mean = the daily average of 24 hourly temperature readings.
Data presently are not sufficient to prescribe general upper limits
for other regions of the country. Nonetheless, development of ceilings
on a case-by-case basis using best available data is recommended.
e. Rapid temperature decreases associated with plant shutdown
are unacceptable when ambient water temperature is less than
15°C (59°F).
RATIONALE
The preceding criteria summarize temperature conditions necessary

to protect marine ecosystems and represent constraints which can be
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met by using submerged discharge. Volume of the vertical diffusion
zone in which temperature criteria do not apply is intended to be
minimized by siting on relatively deep and well flushed waters. Near-
bottom diffuser discharge should be at a depth which would not only meet
summer receiving water criteria at the surface (i.e. a delta 2°F rise)
but which also results in a mixing zone without excessive horizontal
dimensions. Biclogically, loss of surface area is as important as
volume considerations in the marine environment. As shallow portions

of estuaries are highly procuctive and represent important nursery
areas, shallow water discharge is not recommended.

An instantaneously measured ambient temperature is to serve as the
baseline for permissible elevations. Baseline thermal conditions shall
be measured at z site in which there is no umnatural thermal addition
from any source, which is in reasonable proximity to the power plant,
and which has similar hydrography to that of the receiving waters at
the discharge point. Measurements shall be made 6 inches below the
surface.

Estuarine and coastal communities normally experience diurnal and
tidal temperature variations. Laboratory studies have demonstrated
that thermal tolerance is enhanced when animals are maintained under
a diurnmally fluctuating temperature regime rather than at constant
temperature (Costlow, 1971). 1In addition, a daily cyclic regime is
protective as it serves to reduce the duration of single exposures

of supraoptimal temperatures. This has been observed in the inter-

tidal blue mussel (Mvtilus edul?;) (Pearce, 1969; Gonzalez, 1972).
A mussel bed can tolerate brief exposure to summer low tide tempera-
tures of 29-30°C if it is flooded intermittently by cooler tidal water.
In the laboracory, constant exposure to 30°C caused mussel death in 9-
12 hours, while 6-hour cyclic exposures from 30 to 25°C were tolerated
for over 40 davys.

It is alsc necessary to maintain the natural annual temperature
cycle. This should approximate the historical thermal regime under
which local biota evolved and indigenous communities developed. Regular

thermal events, such as the diurnal cycle and irregular phenomena including
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atmospheric frontal passages, are examples of components of this
historical regime. These natural heterogeneous temperature patterns
must be ma{ﬁtained. A permissible incremental rise over ambient con-
ditions is presently the best approach to define ecologically safe
thermal elevations for the marine community.

During late fall, winter, and spring, natural temperature condi-
tions are usually well below critical upper thermal limits for most
life functions. More subtle effects of artifiéial heat on the biota,
particularly from a total system standpoint, are not well documented
for these seasons. Some marine species, including winter ilounder and
cod, require periods of cold water temperatures for maintenance of
physiological coudition, development, reproduction, and survival and
growth of eggs and larvae (Rogers, in press; Johansen & Kvogh, 1914).
The recommended constraint of 2.2°C (4°F) elevation over ambient
represents an increase of approximately 50 percent of the range of
diurnal fluctuation in temperature commonly observed in well-mixed
estuarine waters. The permissible elevation should meet enviromnmental
requirements of cold water species. It falls well within the tolerance
range of most motile marine organisms passing through a thermal discontinuity
Also protected are benthic or intertidal species confronted with thermal
pulses resulting from tidal circulation of warm water.

During summer, natural thermal maxima can occur in magnitude suf-
ficient to cause heat death or emigration by motile forms. This is
particularly common in the tropics and warm temperate zones (Vaughan,
1918; Glynn, 1968; Chin, 1961). Natural thermal kills also occur in
more northern waters, e.g. a winter flounder kill in Moriches Bay,
Long Island, N.Y. (Nichols, 1918). Temperature incremental ceilings
are applicable during the period of maximum natural heating when
further thermal addition could be deleterious. These iacrements may
be lower than prevailing water temperatures in some ccastal embayments
for certain periods, yet these are nonetheless times of thermal stress
for the marine system. Some organisms continue to populate waters
having a warmer daily regime, but thermally sensitive species are
absent. Addition of heat from artificial sources at such sites during
periods of maximum heating is not appropriate. For these regions of

the country where data prasently are not sufficient to prescribe general
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upper thermal limits, develupment of celilings on a case-by-case basis

is recommended.

Poundaries for regional ceilings are demarcated by biogeographic
provinces. Species compositicon of the marine system, and most impor-
tant, responses to elevated temperature, are generally similar within
a region. Boundarics of a biotié province are characterized by sig-
nificant thermal discontinuities, Boundary areas are maintained
during surmer or winter due to combined forces of current, wind, and
coastal geomorpholesy. On the east coast, Cape Canaveral, Fla., Cape
Hatteras, N.C., and Cape Cod, Mass., represent these boundaries. On
the west coast, Pt. Conception in southern California marks the limit
of warm and cold temperate zones.

Recommended thermal criteria are based on scientific evaluation of
best available cata. Selected representative data are tahulated below
for an array of ecologically diverse marine organisms, girouped by
biotic region. Data largely document limitations of thermal addition
during summer. Unless otherwise noted, cited studies deal only with
summer or warm-acclimated organisms. Results of sublethal effects
studies are cited also. Twenty-four hour TLm (median tolerance limit)
data have been adjusted by subtracting 2.2°C to estimate the upper
thermal protection limjt for the life history stage in question (Mihursky,
1@69). Recognized biological variables such as recent envirommental
history, nutritional state, size, sex, and age are considered for all
thermal effects investigations. Likewise, contrasting methods of
study are considered.

Normally, thermal effects data derived in one biotic region should
not be applied to another. Latitudinally separated populations of
widely distrituted species may exhibit significant generic variability
and usually have experienced different recent environmental histories.
The manner in which data relate scasonally to a local temperature
regime is illustrated by the Cold Temperate Zone (southern portion)
superimposed on the 20-ycar mean temperature curve of the Pawtuxet
River at Solomons, Md. (Figure 1). It should be recognized that mean
temperature curves show only the thermal norm, and not short-term

extremes which are c¢celogically the more sicnificant.

[PPSR
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Boreal 7one, Atlantic Coast: This region extends from Cape Cod,

Mass., to the Gulf of Maine. Insulficient data are available for
setting regional temperature limits, Upper limits should te deter-
mined on a case-by-case basis using best available data for the site
and its environs.

In the boreal region, maintenance of a general temperazture regime
resembling natural conditions is particularly important during winter
months. Some boreal species require periods of uninterrupted low
water temperatures to fulfill environmental requirements for successful
maturation of sexual products, spawning, and subsequent egg and larval

survival. Winter flounder (Pseudopleuronectes americanus) have an

upper limit for spawning of 5.5°C (Bigelow and Schroeder, 1953).
Spawning occurs during the winter.

Ten °C is the upper thermal limit for Atlantic salmon (Salmo
salar) smolt migration to the sea, which normally occurs in June.
Twelve °C inhibits maturation of sex products (DeCola, 197C). De-

velopment of winter flounder (Pseudopleuronectes americanus) eggs to

hatching is reduced 50% at 13°C (Rogers, in press). Blood worm

(Glycera americara) spawning is induced when temperatures reach 13°C

(Creaser, 1973). TFifteen °C is the upper limit for spawning Atlantic
herring (Clupea harangus) (Hela and Laevastu, 1962), and of an amphipod,

Psammonx nobilis, (Scott, unpublished). In Atlantic herring, there is

above normal incidence of a protozoan disease at 15°C (Sinderman, 1965);
and at 16°C, there is a prevalence of erythrocyte degeneration (Sherburne,

1973). Field mortality of yellowtail flounder larvae (Limanda ferruginea)

was observed at 17.8°C (Colton, 1959). The protection limnit for yearling
Atlantic herring (48-hr TLm - 2.2°C) is 19.0°C (Brawn, 1560). At 21°C,

embryonic development ceases in the amphipod, Gammarus deuben (Steele

and Steele, 1969). Above 21.1°C, spores are killed and growth is re-

duced in the macroalga, Chondrus crispus, which is commerically har-

vested as Irish moss (Prince & Kingsbury, 1973).

Cold Temperate Zone, Atlantic Coast: Temperature ceilings are

particularly cricical in the southern portion of this region (south

shore of Long Island to Cape Hatteras, N.C.) where enclosed sounds
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and large coastal-plain bays and rivers are prevalent. Maximum tem-
peratures §h9uld not exceed 30°C (86°F). The true daily mean shcould
not exceed 27.8°C (82°F). Were 30°C to persist for over 4 to 6 hours,
appreciable stress or direct mortality would cccur among juvenile
winter flounder, striped mullet larvae, Atlantic silversides eggs,
larvae, and adults; adult northern puffer, adult blue mussel, and

adult soft shell clam (Mya arenaria). Specific critical temperatures

for these species are detailed in Figure 1. Adult protection limit

(TLm - 2.2°C) is 28.8°C for sand shrimp (Crancon septemspinosa) and

30.8°C for opossum shrimp (Neomysis americanus). Both are important

food organisms for fish (Mihursky & Kennedy, 1967). Respiration rate
is depressed above 30°C in the mole crab (Emerita talpoida) (Edwards &

Irving, 1943). At 31.5°C, there is 67% mortality in coot clam (Mulinia
lateralis) when exposed for 6 hours (Kennedy, et al, 1974).

A limit of 27.8°C approximates the upper limit for larval growth
of the coot clam (27.5°C; Calabrese, 1969) and the upper tolerance limit
for soft shell clam adults (28.0°C; Pfitzemmeyer, unpublished). Between

28 and 30°C juvenile amphipods (Corophium insidiosum) leave their tubes

and thereby lose natural protection from predation (Genzelez, 1972).
Such elevated temperatures may also have subtle sublethal effects,

such as reducing feeding and growth. In the quahaug (Mercenaria mer-

cenaria), growth is optimum at 20°C (Ansell, 1968). Growth is in-

hibited above 24°C in a rock weed (Ascophvllum nodosum) (Southland &

Hill, 1970). Prolonged locomotion is markedly reduced at 22°C in the

rock crab, Carcer borealis; at 28°C in C. irroratus (Jeffries, 1967).

An oyster patnogen (Dermocystidium marinum) proliferates readily only
above 25°C (Andrews, 1965).

High temperature will usually elicit avoidance response in fishes.

Avoidance is.criggered at 29°C in Atlantic menhaden (Brevoortia tvrannus),

and at 26.5°C in sea trout (Cynoscion regalis) (Meldrin & Gift, 1971).

Breakdown of the avoidance response in striped bass occurs at 30°C
(Gift & Westman, 1971). Maximum reported temperature for capture of

spotted hake (Urophycis regis) is 24.8°C in Chesapeaka Bay (Barans,
1972).
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North of Long Island, a 1.1°C rise above summer ambient provides
reasonable protection. For example, maximum short-term temperatures
in Narrapansett Bay, Rhode Tsland, usually would not exceed 23.4°C in
August (judging from 15-year mean temperature data for Fox Island).
Larval Atlantic siiversides, juvenile winter flounder, and blue mussel
should be protected by that thermal limitation. Thermal rrotection

limit (TLm - 2.2°C) for juvenile winter flounder (Pseudopleuronectes

americanus) is 26.2°C (Gift & Westman, 1966). Everich and Neves
(unpublished) found that exposure to 24.6°C for 15 days caused 50%

mortality of Atlantic silverside larvae (Menidia menidia). Repeated

exposures to 25°C would stress the blue mussel (Mytilus edulis),

causing cessation of feeding (Gonzalez, 1972) and arrest of embryonic
development and larval growth (Hrs-Brenko, unpublished). Diurnal
summer maxima exceeding 22°C can alter normal metabolic rates in

embryonic tautog (Tautoga onitis) (Laurence, 1973) and canse feeding

problems for adult winter flounder (0lla, 1969) and the sand-collar
snail (Polinices duplicata) (Hanks, 1953).

Optimum for summer development of the rock crab larva (Cancer
irroratus) is 20°C; at 25°C, mortality precludes completion of larval
development. Optimum for the northern crab (C. borealis) is 15°C,
with development blocked at 20°C (Sastry, unpublished). Between 15

and 20°C, activity of the amphipod (Gammarus oceanicus) is much re-

duced (Halcrow & Boyd, 1967). Initiation of spawning is often cued
by temperature. Blue mussel spawning occurs when spring temperatures
reach 12°C (Engle & Loosonoff, 1944). A minimum of 10°C is required
for their embryonic development (Hrs-Brenko & Calabrese, 1569) and
spawning occurs at 15°C. Migration occurs among striped bass, blue
fish and Atlantic silversides (Hennekey, unpublished) at 15°C. Peak

spawning runs of American shad (Alosa sapidissima) into rivers occurs

at 19.5°C (15 year average, Connecticut River); downstrezm migration
of juveniles occurs as temperature falls below 15.5°C (Leggett &
Whitney, 1972). Menhaden migrate at 10°C (Bigelow & Schrceder, 1953);

striped bass (Morone saxitallis) migrate into or leave rivers at 6 to

7.5°C (Merrimim, 1941). In the fall and winter, fishes congregate 1in
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discharye plumes vhich exceed these temperatures. These fishes exhibit
increascd incidence of disease and a general loss of physiclogical con-
dition (“ihursly, et al, 1970).

Wavm Temprvato Zone, Atlantic and Gulf Coasts: This region extends

from Cope Hattevas, N.C., to Cape Canaveral, Fla., and on the Gulf
Coast frcm Tampa, Fla., to Mexico. A maximum of 32.2°C is the recom-
mended ceiling. [xposures to temperatures above this level would ad-
versely affect portions of the biota. The upper incipient lethal tem-
perature for c¢wo dominant estuarine fishes, mullet and pinfish, is 33°C

(Ceck, unpublishedj. At 33°C, bay anchovy (Anchoa mitchilli) embryonic

development is reduced to 507% of optimum (Rebel, 1973). The upper

tolerance limit for coot clam embryos (Mulinia lateralis) and for embryos

and larvae of American oyster and quahaug is 32.5°C (Anon, 1969). The

upper limit for growth of juvenile white shrimp (Panaeus setiferus) is

32.5°C (Zein-Eldin & Griffith, 1969). A decline in field abundance of
brown shrimp (P. aztecus) at temperatures above 30°C was reported by
Chin (1961).

Protectior limits (50% of optimal survival) of two sardines (Haren-
gula jaquana and H. pensacolae) for development of the yolk sac larval
stage are 31.4°C and 32.2°C, respectively (Rebel, 1973; Sakensa, et al,

1972). The critical thermal maximum (CT™) is exceeded for striped bass

at 30°C (Gifr & Westman, 1971). Larval pinfish (Lagolon rhompoides),

and spot (Leistomus xanthurus) have CTM's of 31.0°C and 31.1°C, res-

pectively (Hoss, Hettler & Coston, 1973). Protection timit (TLm - 2.2°C)
for young-of~the-year Atlantic menhaden is 30.8°C (Lewis & Hettler, 1968).
Upper limit for adult growth of the quahaug (Mercenaria mercenaria) is
31°C (Ansell, 1968).

Mean temperatures exceeding 29°C would result in mortality of

striped mullet (Mugil cephalus) eggs. Their 96-~hr TLm is 26.4°C

(Courtenay & Roberts, 1973). Egg and yolk sac larval survival of

sea bream (Archosarpus rhomboidalis) is reduced to 507 of optimal at

29.1°C. For vellowfin menhaden (Brevoortia smithi), exposure to 29.8°C

reduced survival of egg and yolk sac larvae to 507 of optimal (Rebel,

1973). Sublethal but potentially damaging ecolorical effects could
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occur at levels well below 29°C., For example, the upper limit for

optimal growth of post larval brown shrimp (Penaeus aztecus) is 27.5°C

(Zein-Eldrin & Aldrich, 1965); in the American oyster (Crassostrea
vircinica) it is 25°C (Collier, 1954). Developing embryos and fry of
striped bass czrnct tolerate 26.7°C in fresh water (Shannon, 1969).
This report may alsc apply to fry in waters at the head of estuaries.
This species spawns in early spring. Elevation of winter temperatures
above 20°C in St. Johmns River, Florida, could interfere with upstream

migration of American shad (Alosa sapjdissima) (Leggett & Whitney,
1972).

Tropical Recicns: Ceilings for tropical regions such as south

Florida (Cape Canaveral and Tampa southward), Puerto Rico, and tropical-
zone Pacific Islands are an instantaneous maximum 90°F (32.3°C) and a
true daily mean not exceeding 86°F (30°C). A review by Zieman and

Wood (in press) suggests that the thermal optimum is 26-28°C (79-82°F)
for tropical marine systems, with chronic exposure to temperatures
between 28 and 30°C causing heat stress. Death of the biota is

readily discernible between 30°C and 32°C (86-89°F).  Mayer (1914)
recognized that nearshore tropical marine biota normally lives at
temperatures only a few degrees below their upper lethal limit. A

study of elevated temperature effects on the benthic community in

Biscayne Bay, Florida, resulted in the following data (Roessler, 1971):

Temperature for High Temperature for 507
Phylum Species Diversity (°C) Species Exclusion (°C)
Molluscs 26.7 31.4
Echinoderms 27.2 31.8
Coelenterates 25.9 29.5
Porifera 24.0 31.2

Other thermal data for tropical biota include a 25.4-27.8°C optimum for
fouling community larval settlement (Roessler, 1971); 25°C optimum for

larval development of Polycnvx gibbesi, a commensal crab {(Gore, 1968);

27°C for growth and gonad development in sea urchins (Lytechinus vari-

egatus) and for growth in a snail (Cantharus tinctus) (Albertson, 1973);

27 to 28°C optimum for larval development of pink shrimp (Penaeus

duorarun) (Thorhaug, et al, 1971); and 30°C optimum for turtle grass

(Thalassia testidinunm) productivity (Zieman, 1970). Kuthalingham (1959)
studied thermal tolerance of newly hatched larvae of ten tropical marine

fishes in the laboratory. 'hen held at a series of constant temperatures
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for 12 hours, immediately following hatch, optimal survival for all
species fell between 28-30°C, but their tolerance limit ranged from
30-32°C.

Thermal stress of the fouling community is seen in 50% recduced
settlement rate at 28°C (Roessler, 1971). Fifty percent reduction in

gonadal volume of the sea urchin (Lvtechinus varigatus) occurs at 29.9°C
(Thorhaug, et al, 1971 b).

These workers also report irreversible
plasmyolysis of the macroalga (Valonia ventricosa) at 29.9°C and of

V. macrophysa at temperatures above 29.7°C. Survival of developing
embryos to the yolk sac larval stage reduced to 50% of optimal at 29.1°C

among sea bream (Archosargus rhomboidalis). At 29.8°C, yellowfin men-

haden (Brevoortia smithi); and at 31.4°C scaled sardines (Harenecula
jaquana) suffer similar mortalities during early development (Rebel,
1973). Temperatures in excess of 31-33°C can interfere with embryonic
development in six species of mangrove-associated nematodes, even though
adults can tolerate 2 to 7°C additional heat (Hopper, et al, 1973).

Upper limit for larval (naupliar) metamorphosis in pink shrimp (Penaeus
duorarum) is 31.5°C (Thorhaug, et al, 1971 b). Upper lethal temperatures
include 31.5°C for five species of Valonia (Thorhaug, 1970); death in

3-8 hours for five Hawaiian corals at 31-32°C (Edmondson, 1928; Jokiel &
Coles, 1974); a 32°C TLm (95 hr) for the sea squirt (Ascidia nigra) and

sea urchin (Lvtechinus varigcatis) (Chesher, 1971). Average daily tem-

peratures near 31°C for three to ten days results in decreased growth

in seagrass, Thallassia testudinium and red macroalgae, Laurencia

poitei. Between 32 and 33°C, health and abundance of these species
declines markedly (Thorhaug, 1971, 1973). Replacement of seagrass
is slow, especially if rhizomes are damaged due to excessive consump-
tion of stroed starch during heat stress (Zieman, 1973). Recovery of
Thallassia beds may take decades (Zieman & Wood, in press).

Pacific Coast: Fewer thermal effects studies have been conducted

on West Coast species. However, the concept of seasonal restrictions
for temperature elevations above ambient are well supported in several
East Coast provinces and is deemed applicable to the West Coast as a
general biological principle. Data are not sufficient to develop

specific regional ceilinss. These rust be determined on a casc-by-
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case basis until specific principles emerge.

The Pacific Coast consists of two distinct biogeographical regions.
The cold temperate province ranges north from Pt., Conception, Lalifornia;
the warm temperate ropion from Pt. Conception south. Published data on
thermal effects are summarized by biotic province. These should pro-
vide a general guidcliince to prevent possible adverse effects on indigenous
species by excessive thermal discharge.

Pacific Cold Temnerate Zone: Some winter and spring spawning tem-

perature ranges include 3-6°C for Pacific herring (Clupea pullasi)

(McCauley & Hancock, 1971); 7-8°C for English sole (Parophyrs
vetulus) (Alderdice & Forester, 1968); 13°C for May and June spawning

of razor clams (Siliqua patula) (McCauley & Hancock, 1971) and 12-14°C

for native little neck clams (Protothaca staminea) (Schink & Woelke,

1973). Optimal growth occurs at 10°C in the small filamentous red

algae (Antithamnion spp) (West, 1968), and 12-16°C is optimal for

growth and reproduction of various red and brown algae, including

kelp (Macrocvstis pvrifera) (Druehl & Hisiao, 1969). Twelve to 16°C

favors sea grasses, Zostera maring and Plvllospadix scouleri (McRoy,

1970). Spavming migration of striped bass (Morone saxitilis) occurs

at 15-18°C (Albrecht, 1964); in American shad (Alosa sapidissima),

spawning runs occur at 16.0-19.5°C (Leggett & Whitney, 1972). At Van-

couver Island, B.C., distribution of a kelp (Laminaria gzaenlandica)

is temperature influenced. (The long :itipe form is not found above
13°C; the short stipe form does not occur above 17°C. In the labora-
tory, elevation of temperature to 13°C produces abnormal sporephytes

(Druehl, 1967).) Dun;eness crab (Cancer magister) larval development

is optimal at 10 and 13.9°C, survival is reduced at 17.8°C, with no
survival to megalops at 21.7°C (Reed, 1969). Upper thermal limit for
razor clam embryonic and larval development is 17°C (McCauley & Han-

cock, 1971). Upper growth limit for small filamentous red algae (e.g.

Antithamnicn spp) is 18°C (West, 1968). King salmon migration into

San Juaquin River may be delayed by estuarine temperatures in excess
of 17.8°C (Dunham, 1968).

The sea grass (Phvilosradix sccou eri) begins to die off at 20°C

(McRoy, 1970), and the pea pod borer (Zotula fulc :a) ceases to develop
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(Fox & Corcoran, 1957). Twenty °C is also the upper limit for embryonic
and larval development of the summer-spawning horse clam (Tresus nut-

talli) and native little neck clam (Protcothaca staminea) (Schink &

Woelke, 1973). Upper incipient lethal temperature for the mysid
shrinp (Neomvsis intermedia) is 21.7°C (Hair, 1971). This value is

collaborated by reports of a drop in field populations of this im-
portant fish food organism above 22.2°C in the San Joaquin estuary
(Heubach, 1969). Twenty-two °C is the upper tolerance limit for

embryological cevelopment cf the wooly sculpin (Clirnccttus analis)

(Hubbs, 1956). A four hour exposure to 23°C results in significant

mortality of the adult razor clam (Siliquo patula) (Woelke, 1971) and

the sockeye salmon (Oncorhynchus nerka) (Brett & Alderdice, 1958).

Striped bass (Morone saxatilis) are believed stressed at temperatures
above 23.9°C (Dunham, 1968). Sexual maturation in a gobiid fish
(Gillicthvs mirabilis) is blocked at high temperatures. Gonadal

regression begins at 22°C in females; at 24°C in males. Gonadal
recrudescence will not occur at 24°C or above, regardless of photo-
period (DeVlaming, 1972). The 36 hour TLm for red abalone adults is
23°C when acclimated to 15°C; for the embryos, 26°C, when exposed for

30 hours (Ebert, 1974). Sea urchin (Strongvlocentrotus purpuratus)

upper tolerance limit is 23.5°C for adults (Gonor, 1968); 25°C is
lethal to embryos and renders adults limp and unresponsive after 4
hours (Farmaafarmaian and Giese, 1963).

Pacific Warm Temperate Zone: The thermal threshold for spawning

in Pacific sardine (Sardinops caerulea) is 13°C (Marr, 1962). Re-

ports of temperature optima for spawning include 15°C ir a cteno-

phore (Pleurobranchia bachei) (Hirota, 1973); 16°C in the spring

spawning wooly sculpin (Clinocottus analis) (Graham, 1970); 17.5°C

for northern anchovy (Engraulis mordax); 19°C for opaleye fish (Girella

nigricans) (Worris, 1963). Larval survival is best at 16-18°C in
white abalomne (Haliotis sorenseni) (Leighton, 1972).

Limiting effects of temperature include scarcity of the kelp
isopod in the beds above 17.8°C (Jones, 1971). Upper limit for growth
in P. bachei is 17°C; 20°C is the upper tolerance limit for the adult
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ctenophore (Hirota, 1973). Twenty °C also causes limited survival in
recently settled juvenile white abalonec (Leighton, 1972). Limiting
effects for wooly Sculpln include the upper limit of optimal growth
at 21°C; at 22°C, a 507% reduction in successful development of eggs;
at 24°C, the upper limit for embryonic decvelopment is r=ached (Hubbs,

1966). Sea urchins (Strongvlocentrotus sp.) are weakened or killed

at 24-25°C (Leighton, 1971). At 25°C, partial osmoregulatory failure

occurs in staghorn sculpin (Leptocottus armatus) at 37.6 o/oo (Morris,

1960). A maximum temperaturc of occurrence of 25°C is reported for

top smelt (Atherinops affinis) by Doudoroff (1945) and northern an-

chovy (Engraulis mordax (Baxter, 1967). For topsmelt, the upper

limit at which larvae hatch is 26.8°C (Hubbs, 1965).
Natural sumnier temperatures are stressful to beds of giant

kelp, Macrocvstis pvrifera, in southern California. This precludes

any thermal discharge in the vicinity of these beds. Deterioration
of surface blades is evident from late June onward, due in part to
reduced photosynthesis (Clendenning, 1971). Several weeks' expo-
sure to 18.9°C is harmful to the beds (Jones, 1971), while tempera-
tures over 20°C results in pronounced loss of kelp (North, 1964).
Brandt (1923) reported some 607 reduction of kelp harvest when the
average temperature was 20.65°C and that a bacterial disease, black
rot, thrives on kelp at 18-20°C. One day exposure to 22°C is quite
harmful to cultured gametophytes of giant kelp (North, 1972).
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Introduction

Section 316(b) of the Federal Water Pollution Control Act,
P.L. 92-500, requires that:

"Any standard established pursuant to section 301
or section 306 of this Act and applicable to a
point source shall require that the location,
design, construction and capacity of cooling
water intake structures reflect the best
technology available for minimizing adverse
environmental impact."

This guidance manual describes the information which should
be developed and evaluated to demonstrate that the location,
design, construction and capacity of cooling water intake
structures reflect the best technology available for minimizing
adverse environmental impacts. It is intended for use by
owners or operators of point sources who perform demonstrations
under section 316(b) and by members of the public who wish to
participate in 316(b) demonstrations.

Most of the terms used in this manual are defiaed in the
Michigan Water Rzsources Commission 316(a) manual, which should
be consulted as to the precise meaning of terms such as: balanced

indigenous community, Director, discharge zone and water body

segment.
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The objective of both the 316(b) and 316(a) demonstrations
is to evaluate the total impact of each plant's operation on
the water resources and balanced indigenous community of aquatic
organisms residing in or passing through the vicinity of the
plant. In assessing the impact of each plant, the Director
will also consider the cumulative effect of all plants on the
water body or segment thereof. 1In most instances, the
evaluation of each plant's individual and cumulative impact
will be facilitated when the 316(a) and (b) demonstrations are
completed and reviewed simultaneously. This will also
eliminate duplication of effort since much of the information
submitted in the 316(a) demonstration will also apply to the
316 (b) demonstration. .
To assist the applicant in completing the 316(b) demonstration,
a flow chaft is included. As seen in this flow chart, the 316(b)
process for new plants is more extensive than for existing plants.
The objective of this expansion of the 316(b) process for new
plants is to predict adverse impacts from new cooling water
intake structures prior to their design, siting and construction.
Both the 316(b) and 316(a) pfocesses include a great degree
of flexibility and latitude with respect to information
required, empnasis in field studies and sampling programs.
This flexibility is necessitated by the extreme site-specific
variability emong Michigan power plants. The flexibility in the
design of 316(b) demonstrations, especially for new plants,
necessitate that both the Director and the applicant be involved

in the planning, conduct and evaluation of field studies and
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demonstrations. Therefore, as seen in the informational flow
chart, there are several steps where information and proposals
are to be submitted for the Director's review, recognition
and/or approval. This will ensure that both ihe applicant and
Director are in agreement as to the scope and specific details
of work planned and will provide each party with a set of
specific goals and schedules for completion. This submission

of information to the Director should also ensure that these
studies and demonstrations address the important environmental
and plant operational concerns of both parties thereby resulting
in a timely and orderly completion of each demonstration. A
further benefit from the Director's review, recognition and/or
approval of study plans is that studies done throughout a water
body segment will utilize methods which'result in comparable
data. This will assist in evaluating the cumulative effect of
all plants within a water body segment as part of the demonstration.

A cooling water intake structure consists of the total
structure by which cooling water is transported from the water
body through the cooling system and back to the receiving waters.
This structure includes circulating and service water pumps,
the condenser cooling system and any other in-plant systems
or structures used to convey cooling water back to the receliving
water.

Adverse environmental impacts that may occur from the operation
of cooling water intake structures are due mainly to the damage
or destructicn of benthic, planktonic and/or nektonic organisms
(primarily fishes). The damage or destruction of these organisms
within cooling water intake structures and the related cooling
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systems is related to various engineering and design parameters
and/or biological variables, such as:
a. Volume of water taken in
b. The physical configuration and mode of operation
of tke intake and/or cooling system
c. Cooling system thermal characteristics
d. Chemicals added to the cooling system for
biological control or water treatment
e. Number and types of organisms passed through
the system
f. Biélogical characteristics of organisms taken in
The adverse environmental impacts, since they are influenced by
the above variables, need to be determined on a casae-by-case basis.
Adequate biological data, therefore, are needed at each facility
to determine the site-specific needs and control technology
necessary to minimize environmental effects and total impact.
Recognizing the extreme site-specific variabiiity possible,
an applicant in performing his demonstration under Sec. 316(b)
needs to: 1) supply biological formation which characterizes
the species composition, abundance and the variability (daily
and seasonal) in the aquatic organisms damaged or destroyed in
his cooling water intake structure; 2) supply biological
information which characterizes the species composition,
abundance and temporal and spatial variability; the aquatic
organisms present in the water body or water segment in the
vicinity of his cooling water intake structure; and 3) evaluate
available technologies, to identify the 'optimal" site-specific

best technology available for his cooling water intake structure
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location, design, construction, operation and capacity for

minimizing adverse environmental effects and total impact.

CCOLING WATER INTAKE STRUCTURE
MONITORING PROGRAM

To supply the biological information characterizing the
species composition, abundance and variability (daily and
seasonal) in organisms lost in cooling water intake structures,
a cooling water intake structure monitoring program will need
to be conducted. This program should be adequate to provide a
data base sufficient to document numbers, weights, and length-
frequency distribution of each fish species and other aquatic
organisms entrapped on the intake screens and trash racks.

This program should also estimate the number of fish eggs,
larvae and other aquatic organisms entrained and destroyed

in the intake water passing through the screening system. Data
from this program will be related to information in the water
body monitoring program on the abundance and species composition
of adult fish, eggs, larvae and other aquatic crganisms in

the water body in the vicinity of the cooling water intake
structure. It is especially important to have information on
the temporal and spatial distribution of all organisms in

both the water body segment and within the cooling water intake
structure to arrive at an accurate estimate of losses.

In addition to determining the numbers of organisms entrapped
and entrained, an estimate of the percent of the organisms

which are kirled must also be obtained during each sampling
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period to allow estimation of the total numbers of all organisms
killed. Due to the difficulty and costs of obtaining valid
estimates of percent mortality, it is suggested that a worst-case
approach assuming 100 percent mortality be employed. If no
significant impact is detected on this basis then studies of
the actual percent mortality will be unnecessary.

As a minimum, the cooling water structure monitoring program
should extend throughout one calendar year to obtain an
estimate of the yearly losses of all aquatic organisms at each
facility. This information will be compared to data from
the water body monitoring program to determine the.significance
of the loss to the populations of organisms in the water body
or water body segment.

The sampling regime employed at each facility should be

designed to adequately assess throughout the year the impact

on various species and life stages of important aquatic organisms
residing in or migrating through the area of influence of the
cooling water intake structure.

The sampling regime should not only reflect the variability
in organisms affected but should also balance data collection
with the potential for adverse environmental impacts from the
operation of the cooling water intake structure.

Cooling water intake structures at new or proposed plants
will be presumed to have a high potential impact unless the
applicant can demonstrate otherwise. If the applicant can
demonstrate that an existing or proposed cooling water intake
structure is of low potential impact the sampling regime and

data requirements may be modified by the Director. Low
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potential impact cooling water intakes generally are those

which meet the following criteria:

a. The volume of water taken in comprises or
would comprise a relatively low percentage
of the water body or water body segment or
the cross-sectional volume or streamflow.

b. The structure is or will be located in an
area of low biological sensitivity such as
offshore areas along Lake Michigan where low
numbers of organisms reside or move through.

c. The structure does not or is not expected to
affect the limnological or biological processes
outside its immediate vicinity.

The following considerations should be met in the design of the
cooling water structure monitoring program:

1. Sampling frequency

a. General considerations
Since the temporal and spatial distribution
of fishes (eggs, larvae, juvenile and adult
stages) and other organisms in the source
water in the vicinity of any cooling water
intake structure is not uniform, a stratified
sampling regime should be employed. Such a
stratified sampling schedule would include
greater sampling frequency during times of
the year in which numbers of fish are highly

variable and/or fish are spawning in or
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migrating through the area. This program
could result in a decreased sampling
frequency when the number of fish is low
and/or variability in numbers is low.

Since the volume of cooling water taken in
is not uniform over time, a stratified
sampling schedule should be employed within a
sampling stratum. For example, if during
the winter months, the numbers of fish (all
life stages) are low and do not vary greatly
the sampling frequency ﬁight be once every

2 weeks. The sampling date chosen during
each 2-week period should reflect the
variability in cooling waters withdrawn
during all seven days of the week. In

other words, sampling would probably be more
frequent during the week than on the
weekends. However, some samples should

be collected on the weekend to accurately
assess the total loss of organisas on

these days.

Adult and juvenile fish - Sampling should

be conducted over a 24-hour period at
intervals adequate to assess tihe species
composition and abundance of fich impinged
or entrapped on the trash racks and intake
screens. The sampling interval should

reflect the daily and seasonal numbers of
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and variability in fish populations in
the vicinity of the cooling water intake
structure, both daily and seasonally.

c. Fish eggs and larvae - Sampling should be
conducted over a 24-hour period at intervals
adequate to assess species composition and
abundance of fish eggs, larvae and other
developmental stages entrained in the cooling
water and passing through the intake screens.
The sampling interval should reflect the
daily and seasonal numbers of, and variability
in, the immature fish and fish eggs in the
vicinity of the cooling water intake structure,
both daily and seasonally. Appropriate
subsampling techniques may be utilized if
numbers of organisms are excessive.

d. Other aquatic organisms (Phytoplankton,
Zooplankton, Macrobenthos) - Same as fish
eggs and larvae unless the physical
configuration and mode of operation of the
cooling water intake structure and/or density
and variability (daily and/or seasonal) in
populations of important organisms necessitate
or permit an alternative sampling frequency.

2. Sampling Methods

a. Adult and juvenile fish - Accumulated dead fish
should be removed from the trash racks prior to

sampling. All fish impinged on intake screening
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devices can be collected with baskets

located at the outlet of the screen

washing sluiceway. The mesh size of the
collection basket should be smaller than

the intake screen mesh. Record the numbers
and species of all dead fish impinged on

the trash racks an& intake screening devices.
Fish eggs and larvae - Preliminary
measurements should be performed of the
vertical and horizontal distribution of
organisms within the cooling water intake
structure at the sampling location to ensure
that representative samples are obtained.
Pumps are the preferred sampling method.

Pump rates should be high enough to prevent
avoidance by organisms. The pumped water
should be filtered through a net of mesh

size adequate to collect all orgaznisms present.
Other aquatic organisms (Phytoplankton,
Zooplankton, Macrobenthos) - Same as fish
eggs and larvae unless the physical
configuration and mode of operation of the
cooling water intake structure and/or density
and variability (daily and/or seasonal) in
populations of important organisms necessitate

or permit an alternate sampling period.
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3. Sampling Data

_a. Adult and juvenile fish - Record species,
count, measure (total length) and weigh
all fish collected or an adequate sample
if numbers are excessive. Indicate
subsampling techniques and thereby
calculate actual numbers. Select a
random sample of each species, eviscerate
and determine sex and breeding condition.

b. Fish eggs and larvae - Determine species,
number and size of all larvae collected or
an adequate sample if numbers are excessive.
Indicate subsampling techniques and
thereby calculate actual numbers. Count
and, if possible, identify all eggs.
Quantify number of eggs and larvae per
cubic meter of water taken in.

c. Other aquatic organisms (Phytoplankton,
Zooplankton, Macrobenthos) - Determine
number and classify all organisms to
lowest practical taxonomic level.
Quantify as number per cubic meter of

water taken in.

WATER BODY MONITORING PROGRAM
To evalvate the environmental impact of the cooling water
intake structure information should be provided on the species

composition, density and temporal and spatial variability of
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aquatic organisms in the water body or water body segment in
the vicinity-oef the cooing water intake structure. Since in
most instances adequate background information with respect
to the aquatic organisms present in the water body will not
be available, a water body mohitoring program will need to
be conducted. As in the design of the cooling water intake
monitoring program, the design of a water body monitoring
program will be site-specific and should balance data acquisition
or field work with the potential adverse impact on the populations
residing in or moving through the vicinity of the intake.
Existing plants with low potential impact may demonstrate
to the Director that field studies in the intake vicinity are
not justified especially if adequate background literature
is available. New plants and other plants with high potential
impact should provide information on the aquatic community in
the water body segment. This information may be obtained through
field studies and/or literature pertaining to the plant Vicinity
or water body segment. The specific design of water body field
studies should:
1. Emphasize the important organisms present or
potentially impacted by the intake.
2. Complement the intake monitoring program with
respect to sampling frequency and methods so
that data may be correlated between the two
programs.
3. Employ methods and gear that are appropriate
to the organisms present, life stages expected

and daily and/or seasonal changes or variability
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in the abundance and species composition of
- - these organisms.
4. Provide information which can be correlated

with similar programs at other cooling water

intake structures in the water body segment.

This will assist in evaluating the cumulative

effects of these intake structures.
As in the cooling water intake structure monitoring program, the
water body monitoring program should be designed, implemented
and modified with the Director's review, recognition or approval.
The same degree of flexibility will be utilized in the design,

review and modification of both monitoring programs.

PLANT OPERATIONAL AND ENGINEERING
INFORMATION

For those plants performing 316(a) demonstrations, most
of the engineering information pertinent to a 316(b) study should
be provided in the sections on Plant Operational Data and
Hydrology. Requirements for these sections are outlined in the
Michigan Water Resources Commission's 316 (a) Guidance Manual.
For both existing and proposed plants pertinent information
should be provided which will adequately describe the physical
configurationr and mode of operation of the cooling water intake
system. In addition, pertinent in-plant operating or engineering
information, which directly or indirectly applies or affects
the operation of the cooling water intake system, should be
supplied. The following are examples of specific data to be
recorded during the intake monitoring period and for which all

pertinent information on daily, seasonal and annual variability
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should be included:

(1). . Volume pumped and number and rated capacity
of circulating water pumps in operation,
plus a description of pumps.

(2) Temperature - intake, discharge and rcte
of increase across condensers.

(3) Time started, duration and amount of warm
water recirculation for intake tempering,
deicing and any short circuiting.

(4) Chlorine, other biocides and/or chemicals
added to the condenser cooling water and a
determination of the chemical forms and
concentrations throughout the cooling system.

(5) Current velocity at intake(s) over range
of water volumes used in plant operation
and for receiving water flows or levels.
Velocity profile across screen should be
provided.

(6) Number of times screens are operated between
sampling intervals and throughout the year.

(7) The distance from shore and depth from
which water is withdrawn.

(8) Time of passage through the various major
portions of the cooling system from the
intake structure to the point of discharge.

(9) Specifications on trash rack, screen mesh,
cleaning devices (physical and chemical),

live organism return and diversion devices.
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(10) Capability of variable depth withdrawal and

- - operational changes with seasons.

CONTENTS AND FORMAT

OF PRESENTATION

The 316(b) demonstration should present all data and related
information collected in the cooling water intake structure
and water body monitoring programs and/or related literature.
In addition, the applicant should present all pertinent plant
operational and engineering information obtained during the
cooling water structure and water body monitoring programs
on the locatien, design, construction, capacity and operation
of the cooling water intake structure and in-plant systems utilizing
cooling water furnished by this structure. The applicant

should then, based on these data and information, demonstrate,

as required by Sec. 316(b) of the Act, that at this plant:
". . . the location, design, construction and
capacity of cooling water intake structures
reflect the best technology available for
mirimizing adverse environmental impact."

The data from the intake and water body monitoring programs
should be presented using tables, graphs, statistical tests,
population models and/or any other means useful in describing
the species composition, abundance and temporal or spatial
variability in the organisms present in the vicinity of the
intake and the impact of the intake on these organisms.

These data should also be incorporated into a projection, on

a species basis, of the annual losses at this intake of f£ish
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eggs, larvae and adults and other aquatic organisms using the
worst-case approach; i.e. assume 100 percent mortality of

all organisms entrained and/or entrapped. The demonstration

should include a rationale explaining why this loss of these
organisms is not adversely affecting the aquatic community in

the vicinity of the intake and that the cumulative effect of

this intake with others in the water body segment is not adversely
affecting the aquatic communities present throughout the water
body segment.

The demonstration should also, based on data collected and
literature available, estimate the impact of the cooling water
intake on aquatic organisms expected in the immediate vicinity
and throughout the water body segment under theoretical conditions
which would exist when point source discharges of pollutants are
in compliance with section 301(b) of the Act (P.L. 92-500).
Species expected should be based on historical data and/or
information on the biota of appropriate nearby relatively
unpolluted waters such as upstream unaffected areas.

Specific information which should be presented to assist
in evaluating the impact of this structure include:

1. A map showing the temporal and spatial
distribution of organisms in biologically
important areas in the vicinity of the
intake structures. These are areas such
as spawning grounds, nursery areas,
migratory routes, high populations of
macrobenthic organisms, and any lake or

river areas where important organisms might
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be excessively removed or destroyed.

2. _Estimates of the redistribution of organisms

(all 1ife stages) from these areas to

another and a description of the resultant
habitat changes.

Data on water body dissolved oxygen and
temperatures expected throughout the year.
Information on fish (all life stages) swimming
speeds for representative important species
for the temperatures expected throughout the

year in the vicinity of the intake.

The specific format of the demonstration should include:

1.
2.
3.

Pagination.

A detailed table of contents.

Supportive reports, documents and raw data
which are not from the open scientific
literature.

Bibliographic citations to page number.

An interpretive, comprehensive narrative
summary of the demonstration which will
serve, in part, as the basis for the
Director's decision. The summary should
include a table of contents and may include
tables and figures. Sources of data used in
the summary should be cited to page number.
The summary should include a clear discussion
stating why the demonstration shows that the

location, design, construction, capacity and
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operation of the cooling water intake
- structure minimize impact on the water

resources and aquatic community in the

vicinity of the intake and throughout

the water body segment.
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Fijure 1. Geographical zones used in selection of Michigan biota to be
considered in demonstration to satisfy Section 316, P.L. 92-500.
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Table 1. Zcnes used in selection of Michigan biota to be

considered in demonstration to satisfy Section 316,
°.L. 92-500.

ZONE 1 -- Michigan waters of Lake Michigan south of a westerly extension

of the Mason/Oceana county line and north of the Indiana-
Michigan boundary.

7ONE 2 -- Michigan waters of northern Lake Michigan north of a
westerly extension of the Mason/Oceana county line, exclusive
of Greaen Bay west of Point Detour, Delta County, and Michigan
waters of northern Lake Huron north of Point Lookout, Arenac
Cour.ty,exclusive of the St. Marys River and connecting waters
north of DeTour Village, Mackinac County.

ZONE 3 -- Michigan waters of Green Bay west of Point Detour, Delta County.

ZONE 4 -- Micnigan waters of Lake Superior.

JONE 5 -- Michigan waters of the St. Marys River, Potagannissing Bay and
Muruscong Lake north of DeTour Village, Mackinac County.

ZONE 6 -- Saginaw Bay southwesterly of a line from Point Lookout, Arenac
County, to Sand Point, Huron County.

ZONE 7 -- Michigan waters of Lake Huron from Sand Point, Huron County, southerly
to Port Huron,and the St. Clair River inclusive of the north and
middle channels at Algonac.

ZONE 8 -- Michigan waters of Lake St. Clair, the Detroit River and Lake Erie.

ZONE 9 -- Inland warmwater locations and anadromous migratory routes.
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) : fon to satisfy

1 . Nichtgen biuta to be considerrd in demonstrat

Tevle 7 section 316, P.L. 92-500, Zone !, southern Lake Michigan,
page 1 of 1 paqe.

“Representative important species”

. -pecie Rationale for thermal component of dischs
émrp::xig;wpec ) (1) {ife form or activity to bemraiunen_f?)
Filamentous_algie N, Cl :

Macrophy on N, CI N

Phyloplakton F, €l .

Zooptanktan F, CI .

Macroinvertebrates F, CI

1S

TAcipenseridae

*h
Lare sturgeon T
Catostomidae
Whita sucker F, €. S (?%
Longnose sucker F, C [}
Cl idae
u!%svnfle F an
Coregonidae
Take nerring T, ¢C :
Shortnose €1sco T -
Shortjaw Cisco T b
Kiyi cisco T "
Lake whitefish c1, C 2'
Bloater 7. C
Cottidae . o
STimy sculpin F i ;
Mottled sculpin F 4
Cyprinidae
J%arv PT all
Spottail shiner F :ll
fmerald shiner T, F .
Longnosed dace F (4)
Gadidae
Burbot (%4 AAd
Gasterosteidae
Ninespine stickleback F (4)
id
osﬁni:nb;—ue? smelt s, F spawning, larvie (5)
Percidae
Yellow perch s, C, F spawning, la~vae (8)
Lcgperch 1. F -
Percopsidae
routparch F (4)
Salmonidae
" Lake trout S td;.cllts (8)
Rainbow trout S a
Brown trout S adults
Coho salmon S an
Chinocok saimon S (7_)
Atlantic salmon NC e

FfTscussion of the Tower trophic Jevels should include community dynamics by
<ea-on and effects of thermal components of the discharge on life nistory
processes, including enhancement, inhibition, preclusion, etc. on imoortant
components of the community. Response of the macroinvertebrates should
include community structure analysis and diversity computations dased on
{nformation theory. Thermal tolerance data should be part of the discustiom.

Discussion of threatened fish and certain others should include
seasonal occurrence in discharge vicinity and adjacent waterbody
segment plus any observations on behavior, mortality, reproductior,
feeding, sexual maturity, size, disease and other pertinent information.
Thermal tolerance data should be part of the discussion. :
} C, comercial; CI, community integrity; F, forage; N, nuisance, population

not to be enhanced; PT, pollution tolerant, population not to be enhanced
S, sport; T, threatened or endangered.

Unless otherwise specified "all” means the aoplicable descriptors of the
foliowing: eqgs, larvae, fry, yearlings, adults, spawning, feeaing,
migration, reproduction, growth, metabolism and other activities which
are or may be necessary to maintain population integrity.

sucker,

gpattatl shiner.

dlewife.
whitefish.

7 co%o salmon,
rainbow trout.

i OEher activities represented by longnose

—
———
» =
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Table 3. Michitgan bista to be considered in gemonstration to satisfy
S .cttan 216, P.L. 92-020, lone 2, northern Lakes Michigan and
Huron, paye | of | paye.

"Representative important species®
or thermal component of discharge

Impovtant species Rationale UTTe form or activity to be
- - gor catenory (1) evalugted (2)
fFilamentous aldae N, C1 *
Mazrophytin N, Cl .
Phytontanston F, Cl *
Zooplanhtun F, C .
“MacroTavertehrates F.cl .
Fish :
ncipenseridae
ake sturgeon - T -
Catostomidae
Longrose sucker F, C, S (3)
white sucker F, €, S an
Clupeidie
Alewila F al
Centrarchidac
T Tmal Te2Uth bass S al
Coreqonidae
Lake herring T bkl
Shortnose cisco T hhd
Shortiaw cisco T e
Longjaw cisco T -
Kiyi cisco T i
Lake whitefish c1, F, € at (7)
Bloater T b
Round whitefish cl, F, C (4)
Cottidac
MotiTed sculpin F 5
Slimy sculpin F 553
Cyprinicae
Carp PT all
Spottail shiner F- altl
Emerald shiner F = (5) (7)
Esocidae_
Nortnern pike S all
Gadidae
Burbot Cl «* (8)
Gasterosteidae
Ninespine stickleback F (5)
Osmeridae
Rainuow smelt F, S spawuing, larvae (6)
Percidae
Yellow perch F, S spawning, larvae (6)
Walleye S, CI 5
Logperch F 9
Sauger S e (8) (9)
Percopsidae
ir'out perch F (5)
Salmonidae
Lake trout S -
Brook trout S "\"6“‘(1£‘))
Splake S &103
Rainbow trout S an
l(!:orgnon trout g (o: (12)
Chinook N "{3"‘1‘1’" (o)
Atlantic salmon S \O% n;

» fiscussion of the lower trophic levels should tnclude comunity uynemics by
season and effects of thermal components of the discharge on 1ife history
processes, including enhancement, inhibition, preclusion, etc. on tmportant
components of the conmunity. Response of the macroinvertebrates should
include cormunity structure analysis and divarsity computations based on
{nformation theory. Thermal tolerance data should be part of the discussion.

#« Discussion of threatened fish and certain others should include seasonal
occurrence in discharge vicinity and adjacent waterbody segment plus any
observations on behavior, mortality, regroduction, feeding, sexual maturity,
size, disease and other pertinent information. Thermal tolerance data should
be part of the discussion.

(17 C, commercial; Cl, community integrity; f, forage: N, nuisance, population not
‘o be ennanced; PT, pollution tolerant, population not to be enhanced; S, sport;
7, threatened or endangered.

(2

—

Unless otherwise specified "all" means the applicable descriptors of the
following: eqgs, larvac, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growth, metabolfsm and other activities which are or may be
necessary to maintafn population tntegrity.

(3; Other activities represented by white sucker.

$4 “ " - " whitefish.

(s) * " . " gpottail shiner,

(,') » - . . ﬂli.‘"‘{"v.

{]) Threatencd {n Loke “ichigan. A1l 1ife forms or activities to be evaluated in
Lake Michtnan,

(8) Threatened in fake Muron.
Lare turon,

A1l 1ife forms or activities to be evaluated in

(5) Other activities represented by yellow perch.

)y b b " )ake trout.

fry ° ) ) " coho salmon. _
IAEATE . . *  rainbow trout. v-4



Tadle 5. Micnigan biota to be considered in demonstration to satisfy Section 316,
2, L. 92-500, Zone 3, Green Bay, paye 1 of ) page.

"Representative importent species®

Important species Rationale for_thermal component of ciycharge
or category (1) Life form or activity to he eva pated (2)
Filamentous algae N, CI .
Macrophyton N, Cl ’
UhytopTankton F, CI .
‘ooplankton F, CI .
Macroinvertevrates F, Cl .
isn
Acipensoridae
[aieism(ﬁon T bl
Catostomidae

White sucker
Longnose sucker

"
-
—
—

Centrarchidae
SmaiTrouth bass S all
Clupetdae
ewite F all
Coregonidae
Lake herring T had
Shortnose cisco T -
Shortjaw cisco T -
Kiyi cisco T b
Lake whitefisn I, ¢ an
Bloater T, C e
Round wnitefish cl, ¢ (4)
Cottidae

Slimy sculpin
Mottled sculpin
Cyprinidae

™
o~
(%]
——

Caip PT anl

Spottail shiner F an

Emerald shiner T, F e
Esocidae

orthera pike CI, s all
Gadidae

8urbot Cl -
Gasterosteidae

nespine stickleback F (s)

Lepidosteidae

Longnose gar NC Lad
Osmertdae

ainbow smelt F, S spawning, larvae (§)
Percidae

eTlow perch F, S spawning, larvae (6)

Walleye s, C1 56; Y;

Sauger S, CI 8) (7

Logperch F an
Percopsidae

Trout perch F (5)
Salmonidae

Lake trout S adults (4)

Rainbow trout S an

Brown trout S (4) (9)

Coho S migration (&)

Chinook S {OYSQ';

Atlantic salmon S 4) (9

* Discussfon of the lower trophic levels should include community dynadics by season

and effects of thermal components of the discharge on 1ife history processes,
including enhancement, tnhibition, preclusion, etc. on {mportant cocponents of the
ccamunity. Response of the macroinvertebrates should include community structure
analysis and diversity computations based on information theory. Thermal tolerance
data should be part of the discussion.

** Discussion of threatened fish and certain others should include seesonal
occurrence in discharge vicinity and adjacent waterbody segment plus any
observations on behavior, mortality, reproduction, feeding, sexual aaturity,
size, disease and other pertinent information. Thérma) tolerance data should
be part of the discussion.

(1) C, commercial; CI, community integrity; F, forage; N, nuisance, population not
to be enhanced; PT, poliution tolerant, population not to be enphanced; S,
sport; T, threatened or endangered; NC, not common. .

(2) Unless otherwise specified *all* means the applicadle descripto=s of the
following: eqgs, larvae, fry, yearlings, adults, spawning, feeding,
migration, reproduction, growth, metabolism and other activities which are
or may be necessary to maintain population integrity. .

" whitefish
spottail shiner
alewife.

yellow perch
lake trout
rainbow trout

53 Ott)er activities represented by sucker.
(

(V=R SN WV I N
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Table §. Michigan biota to Le considered in demonstration to satisfy Section 318,
P. L. 92-500, Zone 4, Laixe Superior, page ) of 1 page.

"Representative important species®

Important species Rationale for thermal ¢ nent of discharge
or catcgory (1) LiTe form or act%??gx to be ev
Filamentous_allig N, CI *
Macrophyton N, Cl .
znytoghﬂWtcn ;. Cl *
o0plankton , Cl .
ﬁ:?%binvc?fpbrates F, Cl *
Fish
Kcipenseridae
.—fgﬁ‘s_fu rgaon T L
Catostomidae
White sucker F,C, S (3)
Longnose sucker F,C, S all
Coregonidac
Lake herring T il
Shortnose cisco T e
Shortjaw cisco T -
Blackfin cisco T b
Kiyl cisco T b
Lake whitefish Ccl, C all
Bloater T, C e
Round wnitefish cr, ¢ (4)
Cottidae
STimy sculpin F all
Mottled scuipin F (5)
Spoonhead sculpin T Y
Cyprinidae
Spottail shiner F all
Emerald shiner F (6)
Gadidae
Burbot CI b
Gasterosteicae
Ninespine stickleback f al
Osmeridae
Rainbow suelt S, F all
Percidae
el low perch S, F an
Walleye S, Ci ?
Sauger S 7
Johnny darter F 8) (7)
Salmonidae
Lake trout S el
Brook trout S (8) (10)
Rainbow trout S al
Brown trout N (8) (10)
Coho salmon N all
Chinook salmon S ia; 29;
Atlantic salmon S 8) (9

Discussion of the lower trophic levels should include community dynamics by
season and effects of therma) components of the discharge on 1ife history
processes, including ennancement, inhibition, preclusion, etc. on important
components of the community. Response of the macroinvertebrates should
{nclude community structure analysis and diversity computations based on
{nformation theory. Thermal tolerance data should be part of the discussion.

e+ Discussion of threatencd fish and certain others should include seasonal
occurrrace in discharye vicinity and adjacent waterbody segment plus any
observatiuns on behavior, mortality, reproduction, feeding, sexual maturity,
size, disease and other pertinent information. Thermal tolerance data should
be part of tha discusston.

(1) C, commercial; CI, community integrity; F, forage; N, nuisance, population
not to he enhanced; PT, pollution tolerant, population not to be enhanced;
S, sport; T, threatened or endangered.

(2) ‘Unless ntherwise specified "all® means the applicable descriptors of the
following: eqgs, larvae, fry, yearlings, adults, spawning, feeding,’
migration, reproduction, growth, metabolism and other activities wnich are
or may be necessary to maintatn population integrity.

Other activities represented by longnose sucker.
" . " " lake whitefish.
s1imy sculpin.
spottail shiner.
yellow perch.
1ake trout.
coho salmon.
rainbow trout.

— DO N W

© e et

1 = 3 n =z 8
a2 3z 3 8 3

"
"
-
"
"
"

s = s 3 £ I

o i o
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.
Table 5. Michiuan brota to be considored in demonstration to satfsfy Section 3'6,
P.L. 92-500, Zone &, St. Marys River, et¢., page } of 1 page.

“Representative important species”

liiportant specins Rationale for thernal component of discharge
or-category (1) Uife form or activity o be gvaiuated (2}
Filapentous algae N, C1 .

Macrophyton FoN, Ol ¢

Phytoplankton F.Cl .

ZzonTanvton F, Cl .

Macioinvertebrates F., Cl .

Fisn

Adipenseridae

a
T
w
o~
c
)
o
o
3
—

white -ucker F, S (3)
Longnose sucker F, S an
Clupeidae
“Newi e F all
Coreqonidan
TLare whaitefish C1, F, S an
Round whitefish F (4)
Laxe herring T, F bkl
Bloater T, F .
Shortjaw cisco T b
Shortnoce cisco T -
Kiyi cisco T el
Centrarchidse
Rock bass S, CI all
Smallmouth bass S, CI (s5)
Cottidae
Siimy sculpin F (6)
Mottled sculpin F all
Cyorinigae
_LC-arn PT, F, S all
Spottail shiner F (7)
Emerald shiner F all
Longnose dace F (7)
Esocidae
Northera pike cI, S (8) (9)
Muskellunge T, €I, S *e
Gadidae
“Buroot ClI bl
Osmeridae
Rainbow smelt F, S spawning, larvae (9)
Percidae
“Yellow perch F, S spawning, larvae (9)
Walleye S (8) (9)
Sauger 7. S bl
Johnny darter F (10)
Logperch 2 all
Salmonidae
Lake trout S adults (4)
Brook trout S sn)
Splake S 4) (M)
Rainbow trout S all
Brown trout S (4) (1)
Coho salmon S mnigration (4) (11)
Chinock saimon S (12)
Pink salmon S, KC - =
Atlantic salmon NC bl

Discussion of the lower trophic levels should include community dynamics Sy
season and effects of thermal components of tne discharge on 1{fe history
processes, including enhancement, inhibition, preclusfon, etc. on important
components of the community. Response of the macroinvertebrates should
include community structure analysis and diversity computations based on
information theory. Thermal tolerance data should be part of the discussion.
** Discussion of threatened fish and certafn others should include seasonal
occurrence in (ischarge vicinfty and adjacent waterpody segment plus any
‘observations om behavior, mortality, reproduction, feeding, sexual maturity,
size, disease and other pertinent information. Thermal tolerance data should
be part of the discussion.

(1) C, commercial; CI, community integrity; F, forage; N, nuisance, population not
to be enhanced: PT, pollution talerant, population not to be enhanced; S, sport;
T, threatened or endangerd; NC, not common.

(2) Unless otherwise specified "all" mecans the applicadble descriptors of the
folloving: eqqs. larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growth, metabolism and otner activities which are or may by
necessary to maintain population integrity.

ratnbow trout
coho salmon

53) Other activities represented dy longnose sucker.
4) - " " whitefish
(Sg " - - " rock bass
(6 . - " ¢ mottled sculoin
7y - " " emerald shiner
(3) - - . " yellow perch

9) * - - ® alewife

19) " . " * loqperch

1) . . . "
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Table 7. “ichigan biota to be considered in demonstration to satisfy Section 316,
P.L. 92-000, Jone 6, Saginaw Bay, rage 1 of 2 pages.

"Representative {mportant species”

Important spectes Rationale for thermnal component ot discharge
or_cateyory, () Life form or activity to be evaluated (2)
Filamentous _alqae N, CI .
h; F. N, CI .
F, Cl -
Zooplanttun _ F, CI *
Macroinver? f, Cl *
Fish
Acipenseridae
Lake sturgeon T e
Amiidae
Bowfin cl (3)
Catostomidae
White sucker F, S an
Bigmouth buffalo F (4)
Northern redhorse .8 (4) :
Centrarchidae
iTmoutn bass < al
Largenouth bass S all
Rock bass S 513)
Black crappie 5 3)
Bluegs 1) s 53
Pumpk {nseed S 3;
Clupetdae
TAlemife r all
Gizzard shad t (5)
Coregonidae
Lake wnitefish F, C all
Shortnose cisco T b
Shortjaw cfsco T bl
Kiyi cisco T e
Bloater 1 e
Lake herring T had
Cottidae
Sltmy sculpin F (6)
Cyprinidae
Carp T, F,C, S, all
Goldrish PT, F all
Golcen shiner F (6)
Spottafl shiner F an
Esocicae
Northern pike S all
Gadid:e
Bubot T i
Ictaluridae
Charnel catfish S, F, C all
Brown bullhead F, S 7;
Black bullhead F, s 7
Stonccat cl 7)
Lepisosteidae
Longrose gar CI all
Osmeridare
Rainbow smelt F, S spawning, larvae (5)
Per-ichtiyidae
Wnitle bass S, F (8)
Percidae
YeTNow perch F, S all
Walieye S 58;
Sauqge= S 8
.oqperch F all
Saltunidae
“Take trout

Rairbow trout
Brown trout
Cohc salmon
Ch.nook salmon
Scienidae

Freshwater drum

S adults (9)

S all

S (10) (12) -

S migration (10) (12)
S (10) (1) (12)

‘s, F, C eggs (7)
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Table 7.

Michigan biota to be considered in demonstration to satisfy Section 316,
P.L. 92-500, Zone 6, Saginaw Bay, pagc 2 of 2 pages.

-

2

~—

Discussfon of the lower trophic levels shculd include community dynamics by
scason and effects of thermal components of the discharge on 1ife history
processes, including enhancement, inhibition, preclusion, etc. on important
components of the community. Response of the macroinvertcbrates should
fnclude community structure analysis and diversity computations based on
information theory. Thermal tolerance data should be part of the discussion.

Discussion of threatened fish and certain others should include seasonal
occurrence in discharge vicinity and adjacent waterbody segment plus any
observations on benavior, mortality, reproduction, feeding, sexual maturity,
size, disease and othcr pertinent information. Thermal tolerance data should
be part of the discussion. )

¢, commercial: CI, comwnity integrity; F, forage; N, nuisance, population
not to be enhanced; PT, pollution tolerant, population not to be enhanced:
S, sport: T, threatened or endangered.

Unless otherwise specificd *all* means the applicable descriptors of the
following: eggs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growth, metabolism and other activities which are or may de
necessary to maintain population integrity.

Other activities represented by ] argemouth bass.
N " h " white sucker,
alewife.
spottail shinar.
channel catfish,
yellow perch.
whitefish.
rainbow trout.
coho salmon.
1ake trout.
smalimouth bass.
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Table 8. Michigan biota to be considered fn demonstration to satisfy Section 316,
- 7 P.L.92-500, lone 7, southern Lake Huron and St. Clair River, page 1
of 2 pages.

“Representative important species”
Important spectes Ratfonale tor thermal component of discharge

or category (1) Life form ar agtivity to be evaluatec (2)
Filamentous algae N, C1 .
Macrophyton P;. CI *
Phytoplaikton . Cl *
Jooplankton F, Cl .
Macroinverteprates F, Cl
Fish
Kcipenscridae
Lake sturgeon T bkl
Aniidae
“Bowfin Cl, XC -
Atherinidae
Brock silversides F (3)
Catostomidae
White sucker F, S all
Longnose sucker F (4)
Quiliback F eggs, larvae, fry
Northern redhorse Fy S 5
Hog sucker F 4
Centrarchidae
Smal (mouth bass S all
Rock bass S (6)
Clupe {dae
Alewr fe F all
Gizzard shad F (7)
Q¥gmﬂi&
ake whitefish Cl, F, C ahl
Lake hesring T we
Shortnose cisco T il
Sho.tjaw cisco T il
Kiyl cisco T bl
Bloater T re
Round whitefish T il
Cottidae
my sculpin F i.‘!g
Mot ied scllipin F 3
Cyprinidze
g.rp T, F, C, S all
Spottatl shiner F %3)
Emerald shiner F 3)
8luatnose minnow F all
Goldfish PT, F all
Stlver chud T -
Esocidae
Northern pike S all
Muskellunge S (8)
6adidae
Burbot Cl all
Gasterosteidae
inespine stickleback F an
Brook stickleback F (9)
Hiodontidae
Hooneve NC e
Ictaluridae
Channel catfish S, F all
Blick bullhead S, F 10
Brown bul lhead S, F 10
Stonecat CI, F 10)
Lepfsosteidae
oAgnose gar cl &l
Osmeridae
ainbow smelt F, S spawning, larvee, (7)
Percid
ellow perch F, s spawning, larvae, (7)
¥2lleye F, S (7y O1)
Sauyer F.s (72 (1)
Lojperch F el
Johnny darter F (12)
Perrichtnyidae
White bass S, F an
Percipsidae
Trout perch F. (3)
Salmoridae
a'e trout S adults (13)
Splake S (13) (14)
Rainbow trout S all
Brown trout S (13) (18)
Coho salmon S migration (43}
Chinook salmon S 15) (16
Atlantic salmon S 515% §I6§
Sciacnidae
reshwater drum S, f eggs (10)
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Table 8. Michigan biota to be considered {n demonstratfon to satisfy Sectfon 316.

P.L. 92-500, Zone 7, southern Lake Huron and St. Clair River, page 2 of
2 piges.

(2 4

M

(2)

—

Discussion of the lower trophic levels should include community dynamics by
season and effects of thermal components of the discharge on 1ife history
processes, including enhancerent, {nhibition, preclusion, etc. on important
components of the community. Pesponse of the macroinvertebrates should
{nclude ccmmunity structure analysis ano diversity computations based on
information theory. Thermal tolerance data should be part of the discussion.

Discussion of threatened fisk and certain others should include seasonal
occurrence in discharge vicinity and adjacent waterbody segment plus any
observations on behavior, mortality, reproducttion, feeding, sexual maturity,
size, disease and other pertinent information. Thermal tolerance data shoulc
be part o the discussion.

C, commercial; CI, community integrity; F, forage; N, nuisance, population not
to be ent.anced: PT, pollution tolerant, population not bo be emhanced; S, sport
T, threatened or endangered; HC, not common. . -

Unless otherwise specified “all"™ means the appiicable descriptors of the
following: eggs, larvae, fry, yearlings, adults, spawning, feeding, migratiom,
reproduction, growth, metaholism and other activities which are or may be
necessary to maintain population integrity.

Other activities represented by bluntnose minnow.
* " " " white sucker.

rainbow trout.
coho salmon.

* " - * quiliback.

b . b ® smallmouth bass.

* b " * alewifa.

. " . " northern pike.

° - . * ninespine stickleback.
b : . " channel catfish.
. - " " yellow perch

. - . * logperch.

* . - " whitefish.

. - . " Jake trout.

L] - L] L]

- - - Ll
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Teble 9. Michigan biota to be considerad in demonstration to satfsfy Section 316,

P.L. §2-500, lone 8, lake Frie, Lake St. Clair and Detroit River, page
1 of 2 pages.

“Representative important species”

Important species Rationale for thermal component of discharge

ur category *

Filamentous algae
Macropnyton
Fﬂ_tqglgnkton
Zﬁoog anxton
Macroinvertebrates
1sh
Kcipenseridae
ake sturgeon
Amfidae
Bowfin
Atherinidae
Brook silversides
Catostomidae
White sucker
Quiiltback
Northern redhorse
Hog sucker
Spotted sucker
Black buffalo
Bigmouth buffalo
Centrarchidae

() jite form or activity to be gvaluated [2]

OO0
-
(%] w

MMM

am

LR N N 2

3 2

3

L ]
-

G (W W W D D

argemouth bass S all

Smallmouth bass S an

Rock bass S ©(4)

8luegi S, NC -

Pumpkinseed S (s)

Black crappie S, NC e

White crapptie S \5)
Clupeidae

izzard shad fF aln

Alewife F (6)
Coregonidae

ake whitefish T e

Lake herring T bl
Cottidae

my sculpin F all

Mottled sculpin F (7)
Cyprinidae

arp PY, F, C anl

Goldfish PT, F an

Golden shiner F 8

Spottail shiner F &8

Emerald shiner F al

Silver chub T bl
Esocidae

Horthern pike S aln

Muskel lunge T, S m)
Gadidae

urpot T -
Hiodont{iae

Mooney 3 NC €993, larvae, fry (6)
Ictaluri 1ae

annel catfish S al

Black bullhead S EQ;

Brown bullhead S 9

Stonecat NC b
Lepisosteidae

Eongnose gar CI all
Osmeridae

ainbow smelt Fo S an
Percidae

eTTow perch ] all

Walleye S (10)

S‘qur T all

Logperch F 58;

Johnny darter F 8
Percichthyidae
“White bass S an
pew:e perch S (10)

rcops ida
TTrout perch (8)
Salmonidae

Rainbow trout S an

Coho salmon S al

Chinook salmon N all
Sciaenidae

Fresrwater drum s, F eg9s (9)
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Table 9. Michisin biota to te considered in demonstration to satisfy Sectfon 316,

P.L. 92-500, Zone 8, Lake Erfe, Lakes St. Clair and Detroit River, page
2 of 2 pages,

* Discussion of tre lower tinpnic levels should include community dynamics by
season and effacts of thermal companents of the discharge on life history
processes, including enhancerent, inhibition, preclusion, etc. on {mportant
components of the conmunity. Response of the macroinvertebrates should
fnclude community structure anulysis and diversity compytations based on
informatton theory. Thermal tolerance data should be part of the discussion.

Discussion of threatencd fisr and certain others should include seasonal
occurrence in discharge vicinity and adlacent waterbody segment pius any
observations on pehavior, mortaifty, reproduction, feeding, sexual maturity,
size, disease and other pertinent information. Thermal tolerance data should
be part of the discussion.

(V) C. commercfal; CI, community Integrity; F, forage: N, nufsance, population
not to be enhanced; PT, pollution tolerant, population not to be enhanced;
S, sport; 7, threatened or oudangered.

(2

~—

Unless otherwise specified “al1" means the applicable descriptors of the
following: eggs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproductior, growth, metabolism add other activities wnich are or may be
necessary to maintain population integrity.

3) Other activities represented by white sucker.

4) ° " " " smalimouth bass.

5) * - . *  largemouth bass.

6) ° v * " gizzard shad.

7) * . . " slimy sculpin.

8) * b b * emerald shiner.
(9; . . . " channel catfish.
(l0) * - - * yellow perch

(1) Threatened in Lake Erfe. All life forms or activities to be evaluated in Lake crie.
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Table 10. Michigan biota to be considered in demonstration to satisfy Section 316,

P.L. 92-500, Zone 9. fnlind warmwater Tocatd

Ohs_and anadromous migratory

routes, drowned river mouths, Labe ichigon, page T of 2 pages.

Important species
or_category

"Qepresentative fmportant species”

Rationale ‘ir therma) component of dischar
(1) Life form or activity to bem

Filamertous_algae
Macrophyt. o
ngwébim
Looplankion
Macroinvovtebrates
Fish
Acipenseridae
Lake sturgeon
Amiidae
Bowfin
Atherinidae
Brock silversides
Catostomidae
wWnite sucker
Longnose sucker
Lake chubsucker
Hag sucker
Qu.1tback
Northern redhorse
Spotted sucker
Centrarchidae
Smallmouth bass
Laryemouth bass
Rock bass
Bluegill
Pumokinsead
Green sunfish
Blick crappie
Qﬁﬂ&ﬁ
ewife
Glzzard shad
Cottidae
STimy sculpin
Mottled sculpin

Cyprinidae
Ce

gl
Goidfish
Golden shiner
Cormon shiner
C-eek chub
Bluntnose minnow
Spetfin shiner
Spottail shiner
Emarald shiner
Blacknose shiner
Cyrrinodontidae
Banaced killifish
Esoc fdae
rthern pike
Mud pickerel
Gadidae
Burbot
Ictaluridae
Chamel catfish
Flathead catfish
Black bullhead
B-own bullhead
Yellow bullhead
Stonecat
Tadpole madtom
Lepirosteidae
-Longnose gar
Spatted gar
Osmeridace
TRainbow smelt
Percidae
Yaileye
Yellow perch
Logperch
Johnny darter
Percichthyidac
mite bass
Percopsidae
rout perch
Spimonidac
\ainbow trout
Brook trout
Brown trout
Chenook - a1lmon
Coho salonn
Sttantic salmon

(el
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* % % % 8
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> o
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-
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~

NC (2]

“»Vmunuunn w (2 5% e
»
—

(al

—
o
~

CI. NC -~

- [aXa)
——
o —
— o~
—_ -

(12)
all
an

(7)
all

MG
-

- wv

all

all
re

FS

all
migration (13)
(14)

ZNnAVmnnm

(a}

e
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Table 10. Michfgan bicta to be consicered in demonstration te satisfy Section 316,
P.L. 92-500, 7~nc 3. fnland warmwater Tacstions and anadromous migratory

routes, drown-J rivrr moutns, Lake Michigan, page 2 of 2 pages.

* Discussion of the lower trophic levels should include community dynamics by
season and effects of thermal components of the discharge on life history
processes, including enhancement, inhibition, oreclusion, etc. on important
components of the ccrmunity. Kesponse of th> macroinvertebrates should
fnclude community structure analysis and div rsity computations based on
{nformation theory. Thermal tolerance data .nouid be part of the discussion.

Discussion of threatened fish and certain otners should include seasonal
occurrence on discharge vicinity and adjacent waterbody segment plus any
observations on behavior, mortality, reproduction, feeding, sexual maturity,
size, disease .nd other pertinent informaticn. Thermal tolerance data should
be part of the discussion.

(1) C, commercial: CI. community integrity; F. ‘orage; N, nuisance, population not
to be enhanced; PT, pollution tolerant, population not to be enhanced; S, sport;
T, threatened or endangered, NC, not common.

(2

~—

Unless otherwise specified “all” means the applicable descriptors of the
following: eggs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growth, metabolsim and other activities which are or may be
necessary to maintain population integrity.

Other activities represented by largemouth bass.
- . . " white sucker.
smalImouth bass.
alewife.
mottled sculpin.
spottafl shiner.
northern pike.
channel catfish.
1ongnose gir.
yellow per:h.
rainbow trout.
chinook saimon.

-
a s m s s 8% a3
a8 3 8 % "8 3338
2 s x 3 38 38 B 3 88

3 = 3 8 3 3 3 38

/i

Iv-15



Tatle 11, Michigan bista to be considered in demonstration to satisfy Section 316,
P.L. 92-500, Zcne 9, fnlund warmmwater locations, Kalamazoo River

(Xatamazoo County], page V of Y page.

"Representative important species®
for thermal component of discharge
tife Tom or actiyity 0 be pyaluated (Y

{mportant species Ratfonale
or category ‘ (1)

Periphtyon FoN, CI
Macrephyton F, N, CI
Jooplankton F, CI
Macroinvertebrates F, CI

sh
_In i idae
Bowfin CI, NC b
Catostomidae
“White sucker
Spotted sucker
Quilliback
Northern reghors:
Creek chubsucker
Centrarchidae
Tmouth bass
Largemouth bass
Blueqill
Longear sunfish
Green sunfish
Pumpkinseed
Rock bass
Warmouth bass
Black crappie
Cottidae
Mottled sculpin
Cyprintdae
Carp
Goldfish
Satinfin shiner
Spotfin shiner
Golden shiner
Common shiner
Creck chubd
Hornyhead chub
Bluntnose minnow
Esocidae
Northern pike
Mud pickerel
Ictaluridae
Channei catfish
Black bullhead
Brown bullhead
Yellow bullhead
Stonecat
Percidae
Walleye
Johnny darter
Blackside darter
Umbridae
nnow

L2 3N 2% 2

w
o~
Wiwww
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19)

NC ~
al’
(6)
(7

—

mTMmwn OouVvunun

-

* Discussion of the lower trophic levels should include community dynamics by season
and effects of thermal components of the discharge on life history processes,
including enhancement, {nhibition, preclusion, etc. on important comoonents of the
community. Response of the macroinverteprates should include ccmmunity structure
analys{s and diversity computations based on {nformation theory. Thermal tolerance
data should be part of the discussion.

Discussion of threatened fish and certa‘n others should include seasonal occurrence
in discharge vicinity and adjacent waterbody segment plus any cbservations on
behavior, mortality, reproduction, feeding, sexual maturity, size, disease and

other pertinent {nformation. Thermal tolerance data should be part of the discussion.

(1) C, commercial; CI, community integrity; F, forage; N, nuisance, population
not to be enhanced; PT, pollution tolerant, population not tr be enhanced;
S, sport; T, threataned or endangered.

(2) Unless otherwise specified "all" means the applicable descriptors of the
following: eggs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growlh, metabolism and other activitfes which are or my be
necessary to maintain population inteqrity,

3) Other activities represented by white sucker.

4 h b » “ largemouth bass.

5 " b . ® smalimouth bass.

6 . * . * Johnny darter.

7 * * . " bluntnose minnow.

g : : : : rorthern pike,

chanrel catfish,
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Table 12. Michigan biota to be considered in demonstration to satisfy Sectfon 316,
P.L. 92-500, Zone 9, inland warmwater locations, Grand River, Lansing.
page 1 of 1 page.

*Representative important species”
Important species Rationale for thermal ccmponent of discharge
or category (1) [i%e form or activity to be evajuated (o)

Periphyton F, N, CI
Macrophyton F, N, CI
Zoog ankton F, CI
. Macroinvertebrates F, CI - .
ish
Catostomidae
White sucker
Hog sucker
Sootted sucker
Northern redhorse
Centrarchidae
SmalImouth bass
Largemouth bass
8luegill
Pumpk nsced
Black crappie
Cyprinidae
%arp
Conmon shiner
fsocidae ’
Northern pike

ctaluridae
ack bullhead

Lepisosteidae
Longnose gar

L2 3 N 4

w

all

&l
(3
all

all

(4)
-

[V RV NV RV N ) MM
- - -

-
= x wv

wv (] (o]

-

sl
all

[13]
(4)
all

w w»w MmO
-

(2]
-

« Discussion of the lower trophic levels should include community dynamics by
season and effects of thermal components of the discharge on life history
processes, including enhancement, inhibition, preclusion, etc. on {mportart
components of the community. Respons:2 of the macroinvertebrates should include
community structure anal/sis and diversity computations based on {nformatica
theory. Thermal toleran:c data shoul ] be part of the discussion.

«* Discussion of threatened fish and certain others should include seasonal olcur-
rence in discharge vicinity and adjacent waterbody segment plus any observagions
on betavior, mortality, reproduction, feeding, sexual maturity, size, diszase and
other pertinent information. Thermal tolerance data should be part of the
discussion.

(1) C, commercial; CI, community integrity; F, forage; N, nuisance, populatior not
to be enhanced, PT, pollution tolerant, population not to be ennanced; S, sport;
T, threatened or endangered; NC, not common. )

(2

~

Unless ctherwisa specified "all” means the applicable descriptors of the folleowing:
£qgs, larvae, fry, yearlings, aduits, spawning, feeding, migration, reprecduction,
growth, metabolism and other activities which are or may be necessary to maintain
population integrity. ' -

(3) Othey activities represented by white sucker.
4) ° " » *" Jargemouth bass.
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Table 13. Michigan biota to be considered in cemonstration to satisfy Sect‘on 316,
P.L. 92-500, Zone 9, intand warmwater locations, Tittabawessce River,
page 1 of 1 page.

*Representative important species”

Important species . Rationale  for therral component of discharge
or cateqory () Cifo form or activity to be evaluated {2)
Peripohyton F, N, CI *
Macrophyten F, N, CI -
Zooplankton f, Cl *
Macroinvertcbrates F, Cl *
Fish
Catos-omidae
hite sucker F, S all
Northern redhorse F, S (3)
Centraiciiidae
Snclimouth bass S an
RoCk bass S ?4
Black crappie S 4
White crappie S 4
Bluegill S 4
Sumpkinsced S 4
Loncear sunfish ClI [
Clup=idase
7zzard shad F an
Alewife F {5)
Cyprinidae
Cero PT, F, S 1}
Comman shiner F all
Esocidae
Nc rthern pike S al
Ictazluridae
Cnannel catfish S an
Black bullhead S iﬁg
Stonecat cI, F 6

« Dyscussion of the lower trophic Jevels should include community dynamics by season
and effects of thermal components af the discharge on 1ife history processes,
including cnhancement, {nhibition, preclusion, etc. on important components of
of the community. Response of the macroinvertebrates should include community
structure analysis and diversity computations based on information theory.

Thermal tolerance data should be part of the discussion. .

(1) €, comercial; CI, community {nlegrity; F. forage; N, nuisance, population
nwot to be enhanced; PT, pollution tolerant, population nat to be enhanced;
S, sport, T, threatened or endangered.

(2) Unless otherwise specified "all" means the applicable descriptors of the
foilowing: cggs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, growth, metabulism and other activities which dare or may be
qecessary to maintain population integrity.

3;'Othcr activities represented by white sucker.
) . " - " smalimouth bass.
53 . " - * gizzard shad.
6 * " . * channel catfish.
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Table 14, Michigan bioig to be considered in demonstration to satisfy Section 316,
P.L. 92-500, 7one 9, inland warnwater locatiuns and anadromous migratory

routes, Black River {St. V417 (0.), page 1 of 1 page.

"Nerresentative fmportant species”

Important species Rationale for ther:al component of discharge
or category (1) Lrfe form or accivity to be evaluated (2]
Periphyton F, N, CI : *
Macrophyton F, N CI .
Zooplarkton Fo o ; *
Macroinvertebrates F, Cl hd
ish
Latostomidae
wWhite sucker F, S all
Longnose sucier F é]g
Hog sucker F 3
Centrarchidae
Smallmouth bass S (4)
Rock bass S all
Cottidae
Mottled scuipin F atl
Cyprinidae -
Carp PT, F, S all
Creek chub F all
Comman shiner F (5)
Ictaluridae
Stonecat £, ¢l (6)
Percidae
ohnny darter F all
Blackside darter ¥ 27;
Greenside darter F 7
Salmonidae
Rainbow trout S, NC il
Chinook satmon S, NC b

* Discussion of the lower troohic levels should include community dynamics by
season and effects of thcrmal components of the discharge on 1ifa history .
processes, including cnhancement, inhisition, preclusion, etc. on important
components of the community. Response of the macroinvertebrates should
include community structure analysis and diversity computations based on
information theory. lhermal tolerance data should be part of the discussion.

** Discussion of threatened fish and certain others should include seasonal
occurrence fn discharge vicinity and adjacent waterbody segment plus any nbser-
vations on behavior, mortality, reproduction, feeding, sexual maturity, size,
disease and other pertinent information. Thermal tolerance data should be
part of the discussion.

(1) C, comercial; CI, cormunity fntegrity; F, forage; N, nuisance, population no~
to be enhanced: PT, pollution tolerant, population not t) be enhanced; S, sport;
T, threatened or endangered; NC, not commun.

(2) Unless otherwise specified *all”" means the aoplicable descriptors of the
following: eqgs, larvae, fry, yearlings, adults, spawning, feeding, migration,
reproduction, feeding, sexual maturity, size, disease ard other pertinent infor-
mation. Thermal tolerance data should be part of the discussion.

(3) Other activities represented by white sucker.

4 - " " " rock bass.

5 " " " " creck chub.

6) * " " " mottied sculpin.
7 . - . * Johnny darter.
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Table 15. Michigan biota to be considered in dencnstration to satisfy Section 31§,

P.L. 92-500, Zone 9, inland warmwater locations and anadromous migratory
routes, Grand River at Grand Rapids, page 1 of T page.

“Renrescentative {mportant species”

Important spacies Rationale for thermal component of discharqe
or category ) Life forn m&*_eﬁ.l%m
Periphyton F, N, Cl -
Macrophyton Fo N CI *
Zogplanzton F, CI .
Macroinvirtebrates F, CI -
is
1idae
Bowf in cl (3)
Catostomidae
White sucker F. S an
Hog cucker F 4
Quillback F, C1 g‘i
Northermn redhorse F, S 4
Centrarchidae
Smallmouth dass S all
Largemouth bass S all
Bluegill s (3)
Pumokinseed S 3
Rock bass S 5§
Black crappie S 3
Clupeicae
zzard shad F (6)
Alewife F all
Cyprinidae
Carp PT, S, F an
Goldfish PT, S, F all
Esocidae
Northern pike S all
Gadidae
Burbot F, S, ClI an
Ictaluridae
anne, catfish S (5)

(8
—
-
-
-

Lepiiosteidae
Eongncse gar

Percidae
Walleye S all
Yellow perch fF, S (7)
Sslmontdae
Rairbow trout S all
Brown trout S éa)
Coho saimon S 9)
Chinook salmon S all

*

Discussfon of the Tower trophic levels should include community dynamics by season
and effects of thermal components of the discharqe on 11fe history processes,
including enhancement, inhibition, preclusion, etc. on important compcnents of

the comunity. Response of the imacroinvertabrates should include community
structure analysis and diversity computations based on information theory. Thermal
tolerance data should be part of the discussion.

(1) C, commercial; CI, community inteqrity; F, forace; N, nuisance, population

not to be enhanced; PT, pollutinn tolerant, population not to be enhsvced;
S, sport; T, thrcatened or endanger .d.

(2) Uniess otherwise specified "al1" means the apnlicable descriptors of the

WO N B

following: eqgs, larvae. fry. yearlings, adults, spawning, feeding, mijration,
reproductian, growth, metaboiism and other activities which are or may be
neccssary to mafntain population integrity.

rafnbow trout.
chinock saimon,

Other activities represented by largemouth bass.
- . - " white sucker.
L] . " smallmouth bass.
. * " " alewife.
. . * " walleye.
- " " .
- - - L]
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